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The 3.29 Ga Pioneer Ultramafic Complex (WPC) is a 1 km thick east-northeast trending 
tilted (90° dip) section of layered ultramafic rock in the Weltevreden Formation in the west-
northwest region of the Barberton Greenstone Belt (BGB). It was originally interpreted as an 
intrusive complex with slaty zones that have a linear horizontal fabric produced by shear. 
However, a recent study identifies these slaty zones as komatiitic tuffs and attributes their 
horizontal fabric to plane and cross bedding. The present study suggests the non-slaty zones are 
extrusive komatiitic flows with abundant pyroxene spinifex tops, normal volcanic textures and 
crystal sizes, and no indication of intrusive cross cutting. A geologic map is presented for WPC 
komatiites along with a stratigraphic section. The stratigraphic section includes 9 flows or flow 
sets (numbered WP 1 – 9). WP 1, WP 4, and the lower WP 7 are relatively undifferentiated 
massive olivine cumulate flows with minor interstitial pyroxenes. WP 2 and 3 are layered 
komatiitic flows with dunitic to peridotitic bases and increasing pyroxene content and changing 
pyroxene morphology toward pyroxene spinifex flow tops. Pyroxene spinifex komatiitic basalts 
are dominant in WP 6 – 8. Each flow type has substantially differing rock and mineral chemistry. 
Layered komatiitic flows are likely to represent more ponded lavas. WPC komatiites are 
mineralogically well preserved for Archean komatiites with abundant fresh olivine, 
orthopyroxene, pigeonite, augite, and chromite. The WPC komatiites are of the Al-undepleted 
geochemical type with rock and mineral Al2O3/TiO2 very similar to other units of the 
Weltevreden Formation. This geochemical signature is commonly attributed to the depth of 
partial melting in plumes, with Al-undepleted komatiites representing shallower partial melting 
(<450km), and also indicates that WPC komatiites may have a magmatic source related to that of 
the previously studied Weltevreden Formation komatiites. However, WPC komatiites differ from 
previously studied Weltevreden Formation komatiites in that they are somewhat less magnesian 
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(maximum olivine Mg# 92.9 vs. 95.6), indicating a lower eruption temperature, but have much 




 The 3.29 Ga (Lahaye et al., 1995) Pioneer Ultramafic Complex (WPC) is a 1 km thick 
section of layered ultramafic rock, in the Weltevreden Formation of the Onverwacht Group 
(Lowe and Byerly, 1999) in the west-northwest region of the Barberton Greenstone Belt (BGB), 
South Africa. The WPC was initially described as a sill-like ultramafic intrusion with prominent 
fine-grained horizontal shear zones (Anhaeusser, 1985; Wuth, 1980). However, recent work 
(Thompson, in progress; Thompson et al., in press; Thompson et al., 2006) finds no evidence of 
shear and argues that the layers initially described as horizontal shear zones in the WPC and 
similar ultramafic complexes are actually komatiitic tuffs with plane and cross bedding 
developed and rare angular and vesicular lapilli. This study examines the coarser grained rock 
layers of the WPC and asks two key questions: Is the WPC a layered intrusion or a sequence of 
volcanic rocks and how does the WPC relate and compare to previously studied komatiites of the 
BGB? This study then argues that these WPC coarse-grained rock layers are komatiites forming 
sequences of flows with volcanic textures and no evidence of cross cutting. 
Komatiites are a valuable window into understanding both the Archean mantle and the 
Archean surface environment. Because komatiites are common in the Archean and rare 
afterward, form through high degrees of partial melting at great depths within the mantle, and 
have high eruption temperatures indicating they ascended rapidly toward the surface, well 
preserved komatiites are especially valuable tools to better understand the Archean mantle. 
Komatiites of the WPC and related komatiites of the Weltevreden Formation (Kareem, 2005) are 
among the best preserved, with fresh olivine, orthopyroxene, pigeonite, augite, and chromite. In 
addition, komatiites of the WPC are particularly lithologically diverse, including undifferentiated 
olivine cumulate komatiite flows, layered komatiite flows with dunitic bases grading upward to 
 2 
 
pyroxene spinifex tops, and thinner pyroxene spinifex komatiitic basalt flows. Because WPC 
komatiites are so diverse in their lithologic character, occur in a unique setting interbedded with 
komatiitic tuffs, and are well preserved, they make an ideal suite of rocks for investigating 
Archean volcanism and the Archean surface environment. 
The hypothesis in this study is that the WPC is comprised of extrusive komatiitic flows 
(interlayered with komatiitic tuffs, the subject of a related study (Thompson, in progress)). Just 
as importantly, this study characterizes the stratigraphy, petrology, and geochemistry of these 
komatiites. As a unit in the BGB, the WPC is broken down into flows and tuffs which are 
mapped, put into a detailed cross section, and compared and contrasted to other BGB komatiites. 
Their petrologic character, surface differentiation geochemistry, crystallization model and 
sequence, estimated eruption temperature, element partitioning, and mantle fractionation 
geochemistry are examined. The evidence for their extrusive origin is investigated along with 
surface and eruptive characteristics which might contribute to their unique and highly variable 
layering and lithologic character. 
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2. GEOLOGICAL BACKGROUND 
BARBERTON GREENSTONE BELT 
Greenstone belts are a common feature of Archean and early Proterozoic continental 
cratons. They preserve supracrustal sequences formed by intervals of volcanism, sedimentation, 
and plutonism followed by faulting, folding, greenschist-facies metamorphism, and metasomatic 
alteration. These sequences are studied to better our understanding of the surface and tectonic 
environments of the early Earth. The BGB is perhaps Earth's best preserved mid-Archean 
supracrustal sequence and is also among the most magnesian, making it an ideal location for 
studying compositionally distinct rocks of the Archean, such as komatiites. 
The BGB is an approximately 100 km x 30 km northeast-trending, isoclinally folded, 
volcanic to sedimentary succession surrounded by intrusive granitic rocks. The BGB underwent 
a prolonged magmatic and tectonic evolution and consists of the thick basal mafic-volcanic-
dominated Onverwacht Group (3.55 – 3.27 Ga) overlain by the sedimentary-dominated Fig Tree 
(3.27 – 3.22 Ga) and Moodies (3.22 Ga) Groups. Complex alternating lithologies in the BGB, 
especially in the Onverwacht Group, are attributed to a sequential development of similar 
lithologic units with limited structural repetition. The northeast striking Inyoka Fault marks the 
boundary between lithologically similar but compositionally distinct rocks of the northern and 
southern facies, representing two blocks which were structurally accreted. Two felsic magmatic 
stages, 3.445 and 3.225 Ga in age, produced the tonalite-trondhjemite-granodiorite plutons that 
surround the BGB and comagmatic dacitic to rhyolitic volcanic rocks within the BGB (Lowe, 
1999; Lowe and Byerly, 1999; Viljoen and Viljoen, 1969a). A map of the BGB (Figure 1) 
illustrates this architecture. 
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Figure 1 - Map of the western half of the Barberton Greenstone Belt (BGB) as modified 
from Lowe and Byerly (1999) with three Weltevreden Formation Ultramafic Complexes 
added as in Anhaeusser (1985). From north to south these three ultramafic complexes are 
the Emmenes, Sawmill, and Pioneer (WPC). 
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 The Onverwacht Group occurs in the western half of the BGB and contains abundant 
basaltic and komatiitic sequences, as illustrated in a generalized stratigraphic section (Figure 2). 
The 3.48 Ga Komati Formation is the best known and most extensively studied unit of the BGB 
(Dann, 2000, 2001; Smith et al., 1980; Viljoen and Viljoen, 1969a, b). It is named for the Komati 
River, where komatiites were first described (Viljoen and Viljoen, 1969a, b) and consists of up to 
3,500 m of section made up almost entirely of thin komatiite and komatiitic basalt flows with 
abundant olivine and pyroxene spinifex textures. The near absence of interflow sedimentary 
layers and of evidence of flow-top alteration and erosion indicates that these thin komatiitic 
flows were erupted in rapid succession (Lowe and Byerly, 1999). The Hooggenoeg Formation 
overlies the Komati Formation and consists of a thick sequence of pillowed to massive tholeiitic 
basalts, basaltic komatiites, felsic intrusive rocks, and felsic pyroclastic rocks. The overlying 
Kromberg formation consists of pillowed to massive basalts and mafic volcaniclastic rocks. Both 
the Hooggenoeg and Kromberg formations are bounded and further stratigraphically subdivided 
by distinctive chert layers which represent pauses between often varying modes and 
compositions of volcanism. The uppermost Onverwacht, overlying the Kromberg Formation, is 
also dominated by thick sequences of komatiites. These komatiites were originally interpreted to 
be structural repetitions of the Komati Formation. However, subsequent radiometric dating of 
zircon grains in associated felsic tuffs, structural relationships observed in the field, and studies 
of geochemical signatures have shown that these komatiites are the youngest rocks of the 
Onverwacht Group and geochemically distinct from the Komati Formation. South of the Inyoka 
Fault, in the central portion of the western BGB, these rocks are assigned to the 3.33 – 3.29 Ga 
Mendon Formation (Byerly, 1999; Byerly et al., 1996). North of the Inyoka fault, in the northern 
portion of the western BGB, they are assigned to the 3.29 Ga Weltevreden Formation (Byerly, 
1999; Kareem, 2005; Lowe and Byerly, 1999). Finally, in the far southern portions of the BGB, 
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Figure 2 - Stratigraphic column of the Onverwacht Group of the Barberton Greenstone 
Belt (BGB) as modified from Lowe and Byerly (1999). The northern and southern 
Onverwacht Group facies are separated by the Inyoka fault. 
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the highly altered Sandspruit and Theespruit Formations have been interpreted as basal units of 
the Onverwacht Group (Viljoen and Viljoen, 1969a, b; Viljoen and Viljoen, 1969c) but their 
structural makeup and stratigraphic relationship to other units of the Onverwacht Group is 
difficult to interpret. The Sandspruit and Theespruit Formations are both more highly 
metamorphosed with well developed schistose fabrics and cleavage and have higher grade zones 
near intrusions. The Sandspruit Formation includes metamorphosed peridotitic and basaltic 
komatiites occurring as xenolithic bodies separated from the main parts of the BGB by tonalitic 
plutons. The Theespruit Formation consists of metamorphosed basalts, basaltic komatiites, and 
felsic igneous rocks. Lowe and Byerly (1999) consider it likely that the rocks mapped as the 
Sandspruit and Theespruit Formations (Viljoen and Viljoen, 1969c) include structurally 
juxtaposed and heavily metamorphosed units older than, and in part equivalent to the Komati and 
Hooggenoeg Formations. Overall, the Onverwacht Group contains a compositionally diverse 
assemblage of mafic to ultramafic volcanic rocks, including among the oldest and most 
magnesian komatiites and komatiitic basalts anywhere in the world. 
The northern facies of the BGB, north of the Inyoka fault, consists of the upper 
Onverwacht Group Weltevreden Formation overlain by the sedimentary dominated Fig Tree and 
Moodies Groups. Both the Weltevreden Formation and its southern facies equivalent, the 
Mendon Formation, are dominated by komatiitic flows and are similar in age. In structurally 
uninterrupted upper exposures, both directly underlie meteorite impact spherule beds at the base 
of the Fig Tree Group (Lowe and Byerly, 1999). However, the two formations have very 
different geochemical indicators of the mantle processes which formed their magmas (Kareem, 
2005) and have different interflow facies. The Mendon Formation contains a number of 
distinctive chert layers which aid internal correlations (Byerly, 1999; Lowe and Byerly, 1999). 
The Weltevreden Formation includes thicker komatiitic flows, a greater abundance of komatiitic 
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tuffs, and a lesser abundance of cherts. The Weltevreden Formation flows studied by Kareem 
(2005) and Kareem and Byerly (2003) yielded evidence of the highest temperature volcanic 
flows ever measured. Their extremely magnesian composition and unique geochemical and 
isotopic signatures provided implications about the Archean mantle and early tectonic processes 
which offered insights into the Archean mantle’s composition and the development of the BGB. 
However, the previously studied Weltevreden Formation flows (Kareem, 2005) cannot fully 
characterize the Weltevreden Formation, as large sections of the Weltevreden Formation, having 
previously been interpreted as intrusive ultramafic complexes (Anhaeusser, 1985), exhibit 
strikingly different characteristics with much more complex and variable internal differentiation 
of flows and an abundance of interlayered komatiitic tuffs. 
WELTEVREDEN FORMATION ULTRAMAFIC COMPLEXES 
Anhaeusser (1985) described 28 layered ultramafic complexes within and around the 
BGB, with many occurring along the belt’s northwestern flank. Among these the Pioneer (WPC), 
Sawmill (WSC), and Emmenes (WEC) Ultramafic Complexes occur within what has been 
proposed by Lowe and Byerly (1999) as the Weltevreden Formation. Anhaeusser interpreted 
these thick sequences as layered intrusive complexes. The WPC is an approximately 8 km x 1 
km east-northeast trending tilted (90° dip) sequence just southwest of the town of Barberton. The 
WSC and WEC to the north possess similar lithologies and may be structural repetitions. General 
outlines of these complexes from Anhaeusser (1985) are included on the map of the BGB 
(Figure 1). Similar thick volcanic sequences interpreted as being intrusive in origin occur 
elsewhere in the BGB, but in the Weltevreden Formation they make up an especially large 
proportion of the Formation’s outcropped area and are particularly well preserved, making the 
WPC an ideal locality to begin reexamining these sequences. 
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The WPC was previously interpreted as an intrusive complex with layers of fine-grained 
slaty serpentinites representing bedding horizontal zones of shear (Anhaeusser, 1985; Wuth, 
1980). Thompson (in progress) interprets these layers in the WPC, WSC, and WEC as tuffs and 
identifies bedding features such as plane, cross, and convolute bedding consistent with 
deposition and transportation of tuffaceous material in a shallow marine environment. Several 
komatiitic tuffs are shown in field photographs in Figure 3. Angular and vesicular lapilli are also 
observed in rare samples. This study interprets the coarser layers between these slaty tuff zones 
as thick extrusive flows. This study argues that the WPC represents a sequence of layered 
komatiitic flows and interbedded tuffs correlative with other komatiitic extrusive units of the 
3.29 Ga Weltevreden Formation, the uppermost formation of the Onverwacht Group. No U-Pb 
radiometric dates are available within the WPC but an Sm-Nd isochron age has been reported at 
3,286 +/- 29 Ma (Lahaye et al., 1995) from rock and mineral analyses which is consistent with a 
stratigraphic position in the upper Onverwacht Group (Lowe and Byerly, 1999). An expanded 
geochemical examination and lithologic reexamination of the WPC enhances the understanding 
of BGB layered ultramafic complexes and komatiites. 
KOMATIITES 
Komatiites are ultramafic volcanic rocks, having > 18 wt.% MgO, and often 
characterized by elongate olivine and/or pyroxene spinifex textures (Kerr et al., 2001; Le Bas, 
2000) which indicate rapid cooling with high temperature gradients (Faure et al., 2006). 
Komatiitic basalt flows are frequently associated with komatiites and share many of their 
geochemical characteristics but have < 18 wt.% MgO and normally exhibit pyroxene spinifex 
textures. In komatiites, olivine is the first mineral to crystallize and the primary mineral to 
crystallize while komatiitic flows are emplaced. Therefore, olivine is the major control on 
geochemical variation within komatiitic flows and komatiitic sequences with common sources at  
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Figure 3 – Field photographs illustrating BGB komatiitic tuffs. a) WEC komatiitic tuff with
extremely well preserved crossbedding. b) WPC komatiitic tuff with crossbedding. c)  WPC 
komatiitic tuff with slaty appearance in contact with pyroxene spinifex komatiite flow top 





depth. Because olivine is the first mineral to crystallize and acts as this control, olivine 
composition can constrain the initial conditions of a flow, such as temperature, composition, and 
oxygen fugacity. Previous studies have suggested that the eruption temperatures of komatiites 
have a positive relation to the forsterite content of their olivines and the MgO content of their 
quenched liquids (Nisbet, 1982; Nisbet et al., 1993). Thus, the studies of komatiitic textures, 
olivine geochemistry, and, in particular, olivine MgO content are important variables in 
understanding the eruption conditions and physical volcanology of komatiites. However, other 
variables are greater indicators of the mantle processes which form komatiitic liquids. 
Komatiites are important in the study of the early Earth, as they were erupted 
predominately during the Archean and form a significant component of the Archean crust. The 
geochemistry of komatiitic liquids indicates that they are often produced by very high degrees of 
partial melting of the deep mantle and erupt as extremely high temperature and low viscosity 
lavas. High degrees of partial melting and high temperatures mean that komatiitic liquids sample 
the geochemistry of the Archean mantle. Thus, komatiites are used as tools to constrain the 
geochemistry of the Archean mantle. Recent studies have argued that some komatiites may be 
produced in subduction zone environments (Parman and Grove, 2004; Wilson et al., 2003), 
introducing the possibility that komatiites may also yield evidence on Archean subduction 
processes. 
Fractionation patterns of Al versus Ti in komatiites are typically explained by the melting 
of deep mantle material in plumes (Campbell et al., 1989; Nisbet et al., 1993; Ohtani et al., 
1989). Ohtani et al. (1989) estimated the depths of melting controlling this process which 
produces three different chemical groups of komatiites: Al-undepleted, Al-depleted, and Al-
enriched komatiites. From depths of 450 to 650 km, melting of the primitive mantle leaves 
behind a residue of majoritic garnet, as the liquidus phase for chondritic, peridotitic, and 
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komatiitic compositions at these depths (Herzberg, 1992; Herzberg and Gasparik, 1991). 
Majoritic garnet is rich in Al2O3, poor in TiO2, and rich in heavy rare earth elements (HREEs). 
Thus, primary melts formed at 450 – 650 km depth from the primitive mantle produce Al-
depleted, Ti-enriched, and HREE depleted komatiitic magma, due to melting with residual 
majorite garnet. Further melting of this garnet-enriched residue may produce Al-enriched, Ti-
depleted, and HREE enriched komatiitic magma. Finally, at depths of less than 450 km, olivine 
is the liquidus phase for komatiitic liquids derived from the primitive mantle. Melts depleted or 
enriched in olivine alone have normal primitive mantle Al2O3/TiO2, flat HREE patterns, and 
produce Al-undepleted komatiites. Olivine enrichment and depletion can occur up to the surface 
but affect different components and ratios, such as Mg#, and do not substantially affect 
indicators of the mantle melting depth. Thus, assuming an initially homogeneous Archean 
mantle, Al-depleted komatiites represent deeper primary melts, Al-enriched komatiites represent 
melts of deeper residual material, and Al-undepleted komatiites represent melts at < 450 km 
depth. 
Melting depth indicators are also reflected in mineral chemistry. Byerly (1999) noted a 
relationship between the Al2O3/TiO2 of pyroxenes and komatiites of the BGB and also found 
komatiitic chromite Cr#s [100Cr/(Cr+Al)] to have an inverse relationship to Al2O3/TiO2. Thus, 
the mantle fractionation geochemistry of komatiitic flows can be independently assessed through 
bulk rock and mineral Al2O3/TiO2, HREE patterns, and chromite Cr#s, resulting in more precise 
and reliable determinations in flows such as those of the WPC, where fresh minerals are 
abundantly preserved. 
Alternate petrogenetic models have been proposed where komatiitic liquids are generated 
in subduction zones. Wilson (2003) used such a model to explain highly Al-enriched Mg-rich 
komatiites of the Commondale Greenstone Belt. Parman and Grove (2004) argue for a similar 
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model for the Komati and Hooggenoeg Formations of the BGB. Their model is tested against the 
WPC data set in the discussion section on alternate petrogenetic models. Models involving 
complex mantle heterogeneities or subduction zone petrogenesis for komatiites are difficult to 
entirely disprove and would complicate the interpretation of mantle source signatures in the 
geochemistry of affected komatiites, but such signatures would remain valuable for the purposes 
of correlation and for understanding the Archean environments which produced them. 
Several komatiitic formations in the BGB have been studied and characterized in great 
detail, particularly the 3.48 Ga Komati Formation of the lower Onverwacht Group (Dann, 2000, 
2001; Smith et al., 1980; Viljoen and Viljoen, 1969a, b). The Komati Formation consists 
predominately of Al-undepleted komatiites in thin flows with olivine cumulate bases and olivine 
spinifex tops. The younger upper Onverwacht Group has been examined in recent studies of the 
Mendon Formation (Byerly, 1999) and Weltevreden Formation (Kareem, 2005). Both studies 
show thicker flows than those of the Komati Formation and abundant olivine spinifex textures. 
However, the Mendon Formation contains Al-depleted and Al-enriched komatiites while the 
Weltevreden Formation contains Al-undepleted komatiites. WPC komatiites share the excellent 
preservation of previously studied Weltevreden Formation komatiites (Kareem, 2005), but 
occurred in a more complex surface environment interbedded with komatiitic tuffs, exhibit more 
complex and variable lithologic layering patterns including highly differentiated and highly 
undifferentiated flows, and lack olivine spinifex layers. Given the unique characteristics of WPC 
komatiitic flows and their excellent preservation, further examination of this unique suite of 
ultramafic rocks can lead to a greater understanding of both the Archean mantle and volcanism 
on the Archean surface environment. Furthermore, geochemical characterization of the WPC 
komatiites can help to assess their extrusive origin, eruption conditions, surface environment, 
applicability to a subduction zone interpretation, and mantle fractionation geochemistry in 
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3. FIELD OBSERVATIONS 
MAPPING AND STRATIGRAPHY 
Sequences of distinct flows and tuffs, as seen in a panoramic photo taken from the 
logging road overlooking the WPC from the north (Figure 4), can be observed in better exposed 
regions throughout the Pioneer Ultramafic Complex (WPC). Pale grey to green weathering 
dunitic komatiites, grey to brown weathering massive peridotitic komatiites, red to brown 
weathering peridotitic komatiites, and pink to tan weathering pyroxenitic komatiites and 
komatiitic basalts form distinct layers separated by more recessive and covered zones 
representing komatiitic tuff layers (Cooper et al., 2005). Most WPC komatiites have original 
mineral assemblages falling in the peridotitic range, so the terms dunitic, peridotitic, and 
pyroxenitic komatiite are used in a relative sense in this study to indicate a high, average, or low 
relative ratio of olivine to pyroxene in their inferred original mineral assemblages. Dunitic 
komatiites, now wholly serpentine, weather to smooth slabs and exhibit prominent chrysotile 
veins. Massive peridotitic komatiites display a typical komatiitic elephant-hide weathering 
texture. Peridotitic to pyroxenitic komatiites exhibit textures on weathered surfaces which 
change within each flow with changing pyroxene morphology. Cm-sized indentations or 
protrusion indicate poikilitic pyroxenes. Rectangular to acicular crystal outlines and etchings 
indicate the transition from tabular pyroxenes to pyroxene spinifex. Komatiitic tuff layers where 
weathered can vary in color from red – gray – beige, but where fresh are dark grey, and can 
exhibit pencil cleavage, slaty cleavage, or form massive protruding slabs. A plane bedded or 
laminated texture is common and crossbedding is observed in some layers (Figure 3). Based on 
these characteristics, the WPC was mapped using aerial photographs to mark contacts observed 
in the field. 
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The WPC crops out to the north-northwest of the Pioneer Mine and is mapped (Figure 5) 
for approximately 2 km along strike with a maximum thickness of 1 km of section. An E-W 
strike and 90 degree dip are generally observed in bedded komatiitic tuffs and fit the gross 
outcrop pattern of komatiitic flows. Crossbedding in tuffs and spinifex atop peridotitic to 
pyroxenitic flows and komatiitic basalt flows consistently indicate a younging direction to the 
south. A major faulted region occupies up to 250 m distance along strike in the west-central 
section of the map and offsets flows by over 100 m on either side. Smaller faults produce offsets 
of several meters throughout the WPC. Despite these structural, stratigraphic, and geomorphic 
variations, a general sequence of flows and tuffs is observed and is represented by a schematic 
stratigraphic section (Figure 6a) including a correlative flow on the western side of the major 
fault (Figure 6b). To represent the best exposures and include sample locations present 
proximally along strike, the schematic cross section includes several offsets along strike, and its 
segments are indicated on the geologic map of the WPC (Figure 5). Flows and flow sets of the 
WPC are designated WP 1 to WP 9 in the schematic cross section and are separated by tuffs 
traced for significant distances (>300 m) along strike. 
Outcrop exposure and stratigraphic and structural control vary across the map of the 
WPC. A thick E-W trending carbonated tuff separates the older WP 1 - 4 flows to the north from 
the younger WP 5 - 9 flows to the southwest. WP 1 - 4 crop out for long distances along strike 
and are particularly well exposed along the cross sectional path. The WP 3e flow (Figure 6b) 
across the major north-south fault zone is interpreted to correlate to the WP 3 flow. Because of 
its excellent outcrop and complex textural differentiation it was sampled extensively and is 
included despite the complex structures later identified surrounding it. WP 5 - 7 occur in the 
southwest section of the map in gently sloping grassland and are largely covered by soil and 





Figure 4 – Panoramic photograph of the Pioneer Ultramafic Complex (WPC) taken from the logging road to its north. 
Prominent flow outcrops and features are labeled. A recent controlled fire darkens the foreground. 
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Figure 5 - Geological map of the Pioneer Ultramafic Complex (WPC). The paths of a primary stratigraphic section (a-a’) and 
a measured section of a structurally offset flow (b-b’) are marked. Double lines are roads and single lines are fire breaks. 
Facilities of the Pioneer Mines are located within several hundred meters to the east and west of the southeast corner of this 
map rectangle. Field mapping by Cooper, Thompson, Byerly, and Lowe: 2005 – 2007. 
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Figure 6 - Section a-a’:. Stratigraphic Cross Section of the Pioneer Ultramafic Complex 
(WPC). Section b-b’: Stratigraphic Cross Section of the structurally offset and highly 
differentiated WP 3e flow of the WPC. Also given in this figure is a key to alternate field 




distance along strike. In general, the cover in the WP 5 - 7 interval and a diabase intrusion within 
WP 9 introduce some uncertainty into the structural position of these upper flows, and it is 
possible that faulting omits or repeats portions of the original section within these or other WPC 
sequences.  
From a petrologic standpoint the WPC stratigraphic section consists of several distinct 
successions of flows or flow sets and tuffs. WP 1 - 4 represent a succession of dominantly 
massive, peridotitic, and dunitic komatiites in single flows with high lateral variability separated 
by thick tuffs. The thickest and most carbonated and silicified tuff zone separates WP 4 from WP 
5. The WP 6 - 8 flows represent a succession dominated by pyroxene spinifex textured komatiitic 
basalt flows that are thinner and less laterally variable than the WP 1 – 4 flows. They are 
interrupted by very thin and commonly discontinuous tuffs as opposed to the thicker more 
continuous tuffs of WP 1 – 4. WP 9 is a homogeneous peridotitic flow or flow set interrupted by 
a horizontal 11 m thick diabase sill near its. WP 9 is approximately twice as thick as any other 
WPC flow and its peridotitic komatiite composition is similar to WP 1 – 4. Thus, the WPC 
consists of several eruptive successions. However, the lower succession, WP 1 - 4, is the thickest 
succession, has the best outcrop exposure, and has been mapped, sampled, and analyzed with the 
greatest detail in this study. Therefore, forthcoming discussions of lithology, petrography, and 
geochemistry will hold special reference to this succession. 
LITHOLOGIC OBSERVATIONS 
The WPC exhibits an exceptional variation in the style of its komatiitic flows. Three 
distinct types of komatiitic flows are present in the WPC which are described in this study as 
massive komatiitic flows, layered komatiitic flows, and pyroxene spinifex komatiitic basalt 
flows. Various geochemical differences also exist between these flow types and will be presented 
in the sections on mineral and rock chemistry. 
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Massive komatiitic flows (WP 1, 4, and lower WP 7) are very similar to the olivine 
cumulate ‘B’ layers of typical komatiitic flows (Pyke et al., 1973) and lack the olivine spinifex 
‘A’ layer. No olivine spinifex has been found in the WPC. Massive komatiitic flows exhibit 
wholly serpentinized bases and show an elephant hide weathering texture typical of olivine 
cumulate komatiites. A field photograph illustrates an outcrop of the WP 4 massive komatiitic 
flow with characteristic elephant hide weathering texture (Figure 7). Kernels of fresh olivine are 
generally preserved in flow interiors (sometimes up to the flow top, as in WP 4) and can be 
identified on fresh surfaces with a hand lens. The massive and homogeneous character of these 
flows is evidenced by their pyroxene morphology, which transitions from fine to coarse 
interstitial pyroxene from base to top, indicating minimal internal differentiation. The lower WP 
7 contains a fresh-olivine-bearing massive komatiitic section overlain by a pyroxene spinifex 
komatiitic basalt section, but in some places these sections are divided by a thin discontinuous 
tuff, indicating that they do not represent layering by vertical differentiation of a single flow. 
Overall, massive komatiitic flows can be seen as the largely undifferentiated komatiite flow form 
in the WPC. 
Layered komatiitic flows (WP 2, 3, and 3e) are so called because they exhibit extensive 
lithologic layering contrasting with massive komatiitic flows. No fresh olivine is preserved in 
these flows, although they contain abundant serpentinized olivine. The WP 3e flow is the most 
layered in the WPC, exhibiting transitions from a wholly serpentinized dunitic base to a 
pyroxene spinifex flow top as depicted through field photographs in Figure 8. Many features of 
this lithologic layering are produced by the extensive variation of pyroxene morphology and 
increasing pyroxene content from the base to the top of the flow. Pyroxene undergoes several 
transitions toward the flow top from fine interstitial material, to equigranular and often poikilitic 
crystals, followed by tabular crystals, and finally to random and/or oriented pyroxene spinifex.
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Figure 7 – Field photograph of the WP 4 massive komatiitic flow illustrating an elephant 
hide weathering texture typical of cumulate komatiites. The dense concentration of exotic 




Figure 8 – Field photographs of four rock types within a WPC layered komatiitic flow (WP 
3e). Basal sections are characterized by dunitic dense olivine cumulates which weather to 
smooth surfaces because of their homogeneous textures dominated by serpentinized olivine 
pseudomorphs. The bodies of layered komatiitic flows are peridotitic and contain various 
pyroxene species and morphologies which evolve upward in the flows to produce textures 
characterized by various sizes of indentations and protrusions representing poikilitic to 
blocky pyroxenes. The tops of layered komatiitic flows are characterized by pyroxenitic 
komatiites with pyroxene spinifex textures made up of elongate pyroxene crystals. 
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crystals at the flow top. The dunitic base of WP 3e has a smooth weathered surface dominated by 
serpentinized olivine with a groundmass of chloritized glass and fine interstitial pyroxene. In the 
body of the flow there is an upward transition from this dunitic texture to a rock with a mineral 
assemblage which is still dominated by olivine but also includes abundant poikilitic pyroxenes 
which form cm-sized indentations on the weathered surface. Within the body of the flow, there is 
an upward transition from these poikilitic pyroxenes to smaller equigranular pyroxenes which 
form rounded protrusions on the weathered surface. Toward the flow top, there is a final 
transition from equigranular to tabular and finally spinifex pyroxenes. The WP 3 flow is similar 
to the WP 3e flow which is interpreted as its cross-fault equivalent. Both contain dunitic bases, 
olivine and poikilitic pyroxene bearing bodies, and pyroxene spinifex top layers. However, WP 3 
is dominated by its dunitic base, has random but no oriented spinifex, and includes a tuffaceous 
lens within the sampled section which somewhat complicates the lithologic sequence. The WP 2 
flow is very similar to the WP 3 and 3e flows except that it lacks a dunitic base. From its base it 
possesses a color and texture indicating an abundance of poikilitic pyroxene. Toward the top of 
the flow, it develops tabular and spinifex pyroxene. Overall, layered komatiitic flows can be seen 
as the highly differentiated komatiite flow form in the WPC. 
The interval containing WP 5 is so heavily covered that insufficient evidence was 
available to characterize it as a massive or a layered flow. The final WPC flow, WP 9, is difficult 
to classify. It is a homogeneous peridotitic flow or flow set that weathers to a shade of pink 
similar to the peridotitic body of layered komatiitic flows and has no fresh olivine. However, it 
does not exhibit lithologic layering. It may be that WP 9 formed by similar processes to the 
massive komatiitic flows but from a liquid more depleted in olivine or it may have formed by 
different processes.  
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Pyroxene spinifex komatiitic basalt flows (WP 6, 8, and the middle – upper WP 7) are 
thinner, more poorly exposed, and lack fresh olivine as compared to the WP 1 – 4 flows which 
were a greater focus of this study. Chemical analyses have revealed these flows to have similar 
compositions and low MgO contents to the uppermost spinifex layers of WP 2 and 3. Because 
they are not part of larger differentiated komatiite flows, they are classified as komatiitic basalts. 
Pyroxene spinifex textures seem to be developed throughout these flows and some sections 
exhibit extensive silicification or mineralization, although fresher samples were selected for 
analyses. Overall, pyroxene spinifex komatiitic basalt flows can be seen as the evolved, thin, low 




EMPA ANALYTICAL METHODS 
 Polished and carbon-coated thin sections were analyzed at LSU on a JEOL JXA-733 
Superprobe using a suite of Smithsonian standards, a focused beam (1 µm diameter), 10nA beam 
current, and 15kV accelerating voltage. Standards were analyzed as unknowns periodically to 
verify proper calibration. Standard deviations and averages were calculated from these analyses 
to determine the precision and accuracy of analyses for each element. Standards and statistics, 
along with the results of other workers for comparison, are given in Appendix A. 
A number of corrections and procedures were applied to WPC mineral chemistry data: 
olivine and chromite analyses were recalculated on the basis of four oxygens while pyroxene 
analyses were recalculated on the basis of six oxygens. Vanadium values were corrected by 
subtracting 10% of detected titanium values, in weight percentage oxide, to account for the 
overlap of the Kα vanadium peak and a Kβ titanium peak, following the results of an empirical 
study within the LSU Geology Department’s microanalysis lab. Chromite analyses were 
recalculated to determine Fe2+ versus Fe3+ content using a method modified from Droop (1987) 
and Barnes and Roeder (2001). This method assumes accurate electron microprobe analyses and 
a mineral formula with three cations, four oxygen, no vacancies, a neutral charge, and a fixed 
valence for all cations except iron. This allows Fe2+ and Fe3+ to be calculated as the only 
unknowns (Droop, 1987) given the assumed conditions. However, as in Barnes and Roeder 
(2001), Si content is ignored in stoichiometric calculations for Fe3+. Silicon should not be an 
important trace element in chromites and detected trace levels probably represent inclusions, 
fractures, or fluorescence caused by chromium x-rays. 
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XRF AND ICP-MS ANALYTICAL METHODS 
 Rock powders for bulk rock analyses were prepared at LSU and sent to Washington State 
University’s GeoAnalytical Lab, a Department of Energy certified commercial analytical 
laboratory, where major and trace elements were determined by X-ray fluorescence (XRF) and 
trace and rare earth elements were determined by inductively coupled plasma source mass 
spectrophotometry (ICP-MS). The procedures, equipment, and specifications of these analyses 
are given at www.wsu.edu/~geolab/. 
 For XRF analyses, rock powders prepared at LSU were mixed with dilithium tetraborate 
at WSU and heated for 5 minutes to fusion in graphite crucibles. Resulting glass beads were 
reground, refused, finished, washed in an ultrasonic cleaner, rinsed with alcohol, and wiped dry. 
Samples were then analyzed on a ThermoARL Advant’XP+ sequential X-ray fluorescence 
spectrometer at WSU. A constant voltage on a Rh target was used for all elements to achieve 
maximum long term stability and precision. The oxidation state of iron and the volatile content 
of the rock was ignored. The original major element concentrations were then normalized to 
100% volatile-free, with all iron expressed as FeO. XRF error calibrations and full results tables 
are given in Appendix B. Further information on the procedures, precision, and accuracy of XRF 
analyses at WSU is available at http://www.wsu.edu/~geolab/note/xrf.html. 
 For ICP-MS analyses, rock powders prepared at LSU were mixed with dilithium 
tetraborate at WSU and heated for 30 minutes to fusion in carbon crucibles. Resulting glass 
beads were ground to a powder and dissolved on a hot plate with HF, HNO3, and HClO4. 
Samples were then evaporated to dryness and reevaporated with added HClO4. HNO3, H2O2, HF, 
and an internal standard of In, Re, and Ru were added and samples were diluted to a final volume 
of 60 ml. Samples were then analyzed on a HP 4500+ ICP-MS at WSU. ICP-MS uncertainty 
statistics and full results tables are given in Appendix C. Further information is available at 
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http://www.wsu.edu/~geolab/note/icpms.html on the procedures, precision, and accuracy of ICP-
MS analyses at WSU. 
MELTS MODELING PROCEDURES 
The MELTS program (Asimow and Ghiorso, 1998; Ghiorso and Sack, 1995) version 
10.4.5 for Mac OS X was used to model crystallization of the WPC komatiites. To run this 
experiment, it was necessary to estimate a composition for the WPC parent magma. The random 
olivine-spinifex-textured portions of komatiitic flows are considered to represent quenched 
liquids and preserve the initial composition of their flows parent magma (Arndt, 1994; Smith et 
al., 1980) but no olivine spinifex zones were observed in the WPC. However, it was possible to 
estimate the composition of the WPC parent magma from olivine accumulation trends in the 
WPC komatiite bulk rock geochemistry dataset acquired by XRF. This estimated parent magma 
composition, used for MELTS crystallization modeling, is 49.5 wt.% SiO2, 0.25 wt.% TiO2, 6.53 
wt.% Al2O3, 8.66 wt.% FeO, 1.37 wt.% Fe2O3, 0.15 wt.% MnO, 25.7 wt.% MgO, 6.53 wt.% 
CaO, 0.65 wt.% Na2O, 0.06 wt.% K2O, 0.03 wt.% P2O5, 0.15 wt.% NiO, and 0.42 wt.% Cr2O3. A 
full discussion of the procedures of this estimation is given in Appendix D. Runs were executed 
with this estimated WPC parent magma composition, an oxygen fugacity buffer of QFM + 0 
found to be consistent with estimates for Archean magmas (Nisbet et al., 1993), solids set to 
fractionate from the liquid,  and the melt set to cool at a pressure of 1 bar in 10°C reporting 
intervals beginning from a temperature of 1600°C. Three separate MELTS runs were executed, 
the first under the previously stated parameters (Model A), the second also set to inhibit the 
crystallization of plagioclase (Model B) which affects the geochemistry of late stage augites and 
pigeonites, and the third solely to determine the exact temperature at the liquidus. MELTS Model 
A and B results are identical until plagioclase crystallization at 1175°C and no plagioclase was 
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observed in WPC komatiites (only in some komatiitic basalts) so MELTS Model B results were 
selected for plotting against observed analyses in the data section, although the results of both 
models are addressed in the discussion and provided in full in Appendix D. MELTS Model B 
results are included in many figures throughout the data and discussion sections with modeled 




PETROGRAPHY AND ELECTRON MICROGRAPHY 
 The komatiites of the WPC, like other Weltevreden Formation komatiites (Kareem, 
2005), preserve olivine, orthopyroxene, pigeonite, augite, and chromite. Secondary phases were 
not a focus of this study, but the style of serpentinization of WPC komatiites appears to be like 
that of previously studied Weltevreden komatiites (Kareem, 2005) with mesh-textured lizardite 
and fibrous veins of chrysotile common, but antigorite not observed. Based on field observations 
and petrographic analyses WPC komatiitic rocks are separated into massive cumulate komatiites, 
dunitic cumulate komatiites, peridotitic cumulate komatiites, pyroxenitic spinifex komatiites, and 
pyroxene spinifex komatiitic basalts. 
Massive Cumulate Komatiites 
 Massive komatiitic flows contain olivine cumulate komatiites with fresh olivine, 
chromite, pigeonite, and augite preserved except in wholly serpentinized basal margins. In one 
flow, fresh orthopyroxene is also present. Olivines vary in their preservation from large euhedral 
grains with thin serpentinized rims and fractures (Figure 9), to relict olivines with multiple fresh 
olivine kernels separated by larger serpentinized regions, and finally to wholly serpentinized 
olivines. Equant partially serpentinized olivines and olivine pseudomorphs are up to 1.5 mm in 
diameter in WP 4, 1 mm in WP 1, and 0.4 mm in the lower WP 7. Olivines and their 
pseudomorphs dominate the rock texture of massive cumulate komatiites and are separated 
primarily by interstitial pyroxenes and fine chloritic groundmass representing altered volcanic 
glass. A photomicrograph from the middle section of the WP 4 massive komatiitic flow (Figure 
10) illustrates this texture. A photomicrograph (Figure 11) from a previously studied 
Weltevreden Formation komatiite (Kareem, 2005) shows the similarity in olivine-dominated 
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cumulate texture and excellent preservation between the massive cumulate komatiites of this 
study and the partially serpentinized cumulate komatiites of Kareem (2005).  
A variety of geochemically and morphologically distinct pyroxenes occupy the 
groundmass separating olivines in massive cumulate komatiites. Small cores of fresh 
orthopyroxene in small euhedral crystals (about 0.1 mm in diameter), sometimes surrounded by 
augite rims, are observed in the WP 4 flow. Rare clustered sub-parallel laths of orthopyroxene, 
up to 0.8 mm in length, appear in the upper WP 4, occupying some larger interstitial spaces 
between olivines (Figure 12). Some of these orthopyroxene laths share linear boundaries with 
parallel smaller tabular augites. Small cores of fresh pigeonite in small euhedral crystals, 
surrounded by augite rims (always in WP 1 and WP4, sometimes in WP 7), are observed in WPC 
massive cumulate komatiite samples (Figure 13). Bladed interstitial pigeonites, often surrounded 
by augite or secondary minerals, are also present in WP 1 and WP 4. Augites are present in all 
WPC massive cumulate komatiites primarily as small to medium euhedral crystals, with (Figure 
13) or without orthopyroxene or pigeonite cores. Euhedral chromites, typically less than 0.2 mm 
in diameter, also occur in the groundmass (Figure 14). 
Some information can be gathered about the crystallization sequence in massive cumulate 
komatiites from their mineral textures. Olivine is clearly the dominant phase, with other minerals 
restricted to interstitial forms, so olivine was clearly the first mineral to crystallize. Augite forms 
rims around both orthopyroxene and pigeonite cores in euhedral groundmass pyroxenes, so 
orthopyroxene and pigeonite crystallized after olivine but before augite. 
Overall, WPC massive cumulate komatiites are petrographically characterized by the 
presence of fresh olivine in an olivine-dominated texture with a rich assemblage of interstitial 
pyroxenes and chromite. Interstitial pyroxenes do increase in size toward the flow tops and in the 
upper WP 4 occasional sub-parallel laths of orthopyroxene are no longer clearly interstitial. 
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Figure 9 – Photomicrograph of a euhedral 400µm olivine with a thin serpentine and 




Figure 10 – Photomicrograph of the olivine cumulate texture of a massive cumulate 
komatiite from the middle section of the WP 4 massive komatiitic flow. Equant 250µm 
olivines are well preserved and groundmass is fine to microcrystalline. 
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Figure 11 - Photomicrograph of the texture of a partially serpentinized cumulate komatiite 
from Kareem (2005) illustrating the similar excellent preservation and volcanic texture of 
WPC komatiites (Figure 10) and previously studied Weltevreden Formation komatiites.
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Figure 12 - Backscatter electron image of a massive cumulate komatiite from the upper 
section of the WP 4 massive komatiitic flow. In this image, a rare orthopyroxene composed 
of subparallel laths is bordered by several partially serpentinized olivines with multiple 
fresh olivine kernels and well-defined magnetite rims. Augites are present both as small 
groundmass crystals and as small laths within the orthopyroxene mass. 
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Figure 13 - Backscatter electron image of a massive cumulate komatiite from the upper 
section of the WP 4 massive komatiitic flow showing a small euhedral groundmass 
pyroxene with a dark pigeonite core and a light augite rim.
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Figure 14 - Backscatter electron image of a massive cumulate komatiite from the upper 
section of the WP 4 massive komatiitic flow showing three small euhedral groundmass 
chromites with fine magnetite overgrowths.
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However, interstitial pyroxenes are the dominant pyroxene form in all massive cumulate 
komatiites. 
Dunitic Cumulate Komatiites 
 Dunitic cumulate komatiites occur in the thick basal flow sections of the WP 3 and 3e 
layered komatiitic flows and are heavily serpentinized. Serpentine pseudomorphs after olivine 
measure up to 1 mm in diameter and exhibit a mesh texture, replacing all olivine with serpentine 
outlined along former crystal boundaries by magnetite. However, large fresh chromites up to 1 
mm across can be preserved as in the lower WP 3e. The interstitial material in these rocks varies 
from isotropic cryptocrystalline phases to fine grained groundmass and finally to coarsely 
recrystallized chlorite and may have been originally composed of glass and/or fine interstitial 
pyroxenes. 
Peridotitic Cumulate Komatiites 
 Peridotitic cumulate komatiites are dominated by olivine but contain pyroxene 
morphologies such as poikilitic, blocky, and/or tabular pyroxenes. In layered flows (WP 2, 3, 3e) 
there is a sequential upward transition between these pyroxene morphologies and an increase in 
pyroxene abundance. Massive komatiitic flows are also peridotitic in composition, but develop 
predominately interstitial pyroxenes and are classified separately. In peridotitic cumulate 
komatiites, wholly serpentinized olivines and large fresh pyroxenes are both abundant. In 
poikilitic pyroxene-bearing samples, poikilitic pyroxenes surround or border subhedral wholly 
serpentinized olivines up to 1 mm in diameter. Figure 15 shows a poikilitic augite which includes 
two wholly serpentinized olivines. Poikilitic augites up to 3 mm in diameter are abundant and 
poikilitic orthopyroxenes also occur. In some cases, poikilitic augites are adjacent to and may 
nucleate from the edges of poikilitic orthopyroxenes (Figure 16). Chromites occur as inclusions 
in poikilitic pyroxenes (Figure 16) and occasionally in olivines. These textural relationships
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Figure 15 - Photomicrograph of a peridotitic cumulate komatiite from the upper section of 
the WP 2 layered komatiitic flow (sample MC 7-6). A large poikilitic augite includes two 








Figure 16 - Backscatter electron image of the sample MC 7-5 from the upper section of the 
WP 2 layered flow. Large adjacent poikilitic fresh orthopyroxene and augite crystals 
surround serpentine pseudomorphs after olivine and small chromites. 
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indicate a crystallization sequence of olivine -> poikilitic orthopyroxene -> poikilitic augite in 
these rocks with chromite beginning to crystallize during olivine crystallization. Pigeonites were 
not identified in layered flows and it is unclear whether this is due to alteration or due to their 
absence from the original crystallization sequence. In the upper section of the WP 2 layered 
komatiitic flow, poikilitic orthopyroxenes are up to 3 mm in diameter. In the upper WP 3e, 
poikilitic orthopyroxenes appear to have been present but are wholly replaced by bastite 
pseudomorphs. Pyroxenes become somewhat more abundant, more elongate, and less poikilitic 
toward the tops of layered flows. Some smaller more euhedral augites are also present in layered 
flows, though they are not nearly as abundant as in the massive cumulate komatiites. Small to 
medium chromites are similar in appearance to those in the massive cumulate komatiites. 
Overall, WPC peridotitic cumulate komatiites are petrographically characterized by the presence 
of both wholly serpentinized olivine pseudomorphs and abundant poikilitic to blocky and/or 
subelongate pyroxenes with fresh poikilitic augites often best preserved. 
The WP 9 flow or flow set, here described as a homogeneous peridotitic komatiite flow, 
shares some features of both massive and peridotitic cumulate komatiites. Only serpentinized 
olivine pseudomorphs, 0.25 – 1 mm in maximum diameter, remain from original igneous 
textures, but ~30% of thin section area consists of a cryptocrystalline chloritized groundmass. 
This chloritized groundmass material lacks textural evidence for pyroxene pseudomorphs, 
suggesting the original groundmass was microcrystalline or glassy. Only small chromites are 
preserved. Large diabase intrusions adjacent to WP 9 may have contributed to its paucity of 
preserved fresh igneous minerals as compared to other WPC komatiitic flows (Figure 5). 
Pyroxenitic Spinifex Komatiites 
Pyroxenitic spinifex komatiites occur atop layered flows (WP 2, 3, 3e) of the WPC. In 
layered flows, the transition from peridotitic to pyroxenitic mineralogy approximately coincides 
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with the transition from olivine cumulate to pyroxene spinifex texture. Some samples are 
geochemically similar to the komatiitic basalt flows of WP 6 – 8 but are classified as komatiites 
because they occur within flows of dominantly komatiitic composition. Alteration is extensive 
and no olivines or serpentinized olivine pseudomorphs are apparent. Chromites occur as small 
and sparse euhedral opaque crystals in some samples (WP 3e spinifex) and are absent in others 
(WP 2 spinifex). Pyroxenes are often elongate but small subhedral equant augites and blocky to 
tabular larger augites are also sometimes present. Augite is the only pyroxene preserved and it is 
unclear whether other pyroxenes were present prior to alteration. Some pyroxenes are altered to 
tremolite and other low grade metamorphic minerals. Overall, spinifex augites are dominant, no 
other fresh silicate minerals are preserved, and original textures are too poorly preserved to 
identify other original silicate mineral constituents. 
Pyroxene Spinifex Komatiitic Basalts 
Pyroxenitic spinifex komatiitic basalts dominate the WP 6 – 8 flow sets of the WPC. 
These samples were not a focus of this study but were mapped, analyzed for bulk rock chemistry, 
and examined petrographically. Some outcrops of this lithology were highly silicified or showed 
indications of mineralization, but fresher rock was chosen for sampling. There is no evidence 
that olivine crystallized in these flows. Samples include random and oriented spinifex and vary 
in the degree of elongation of spinifex pyroxenes. Small euhedral pyroxenes also occur and can 
exhibit complex zoning which indicates the presence of pigeonite and/or orthopyroxene in 
addition to augite. Groundmass plagioclase is also evident in WPC komatiitic basalts. 
MINERAL CHEMISTRY 
Samples representing the different lithologic types, from the WP 1 – 4, 3e, and lower WP 
7 flows, were selected for microprobe analyses. Fresh olivines, chromites, orthopyroxenes, 
pigeonites, and augites were analyzed. Plots of mineral analytical data also include 
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experimentally calculated trends and data points discussed in the sections on MELTS modeling 
procedures and crystallization model. A summary of microprobe analytical results are given in 
Table 1. 
Olivine 
Fresh olivines are preserved in the massive komatiitic flows of the WPC and have Mg#s 
[100Mg/(Mg+Fe2+)] of 92.9 - 91.0. There is only minor variation between WPC flows, with WP 
1 ranging from Mg# 92.0 – 91.0 and WP 4 and 7 ranging from Mg# 92.9 - 91.7. Zoning appears 
to be minimal from comparisons of fresh olivine analyses near the cores and rims of non-
serpentinized portions of well preserved crystals, though outermost olivine rims are invariably 
serpentinized. WPC olivines are less Mg-rich than elsewhere in the Weltevreden Formation 
(Mg# 95.6 - 92.5 (Kareem, 2005)) and in the Commondale Greenstone Belt (Mg# up to 96.5 
(Wilson et al., 2003)). However, they are comparable to or more Mg-rich than those reported in 
studies of the Abitibi Greenstone Belt (Mg# 93.4 – 88.3 (Arndt et al., 1977)), the Belingwe 
Greenstone Belt (Mg# up to 91.3 (Nisbet et al., 1987)), and the Komati Formation of the BGB 
(Mg# 91.3 - 90.4 (Smith et al., 1980)). A summary of electron microprobe results for olivines of 
the WPC is given in Table 2. A complete table of WPC olivine analyses is given in Appendix A. 
 WPC olivines contain up to 0.28 wt.% Cr2O3, 0.48 wt.% NiO, and 0.24 wt.% CaO 
(Figure 17). NiO is compatible with olivine and therefore increases with increasing olivine Mg#. 
CaO is relatively constant or decreases very slightly with Mg#. Cr2O3 decreases markedly in 
lower Mg# olivines, indicating coprecipitation of chromite. These relationships are discussed 
further in the section on partition coefficients. High Cr2O3 and NiO values are a distinctive trait 
of komatiitic olivines (Arndt et al., 1977; Nisbet et al., 1987; Smith et al., 1980) but they are 
lower in the WPC than in the Weltevreden olivines of Kareem (2005) which have up to 0.32  
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Table 1 - Summary table for WPC komatiitic mineral chemistry results with maximum, 
minimum, and median values sorted by flow. Oxide totals are given in weight percent. 
Al/Ti is wt.% Al2O3/TiO2. ‘-‘ = not present/preserved. 
 
WP: 1 2 3e 4 7 
Olivine:      
Max Mg# 92.4 - - 92.9 92.8 
Med Mg# 91.7 - - 92.1 92.1 
Med NiO 0.40 - - 0.30 0.45 
Med CaO 0.16 - - 0.16 0.20 
Med Cr2O3 0.14 - - 0.19 0.20 
Chromite:      
Max Cr# 83.7 87.1 84.9 84.7 86.7 
Med Cr# 83.2 82.7 79.0 83.8 85.2 
Min Fe2O3 4.35 5.62 2.45 2.86 2.52 
Med Fe2O3 5.07 8.55 4.99 3.63 3.63 
Max Mg# 64.1 59.0 72.2 65.5 68.4 
Opx:      
Max Mg# - 90.7 - 89.1 - 
Med Mg# - 90.1 - 88.6 - 
Max Cr2O3 - 0.51 - 0.42 - 
Med Al/Ti - 17.4 - 17.6 - 
Pigeonite:      
Max Mg# 87.4 - - 87.9 85.3 
Med Mg# 86.0 - - 87.1 84.7 
Max Cr2O3 0.41 - - 0.67 0.14 
Med Al/Ti 15.2 - - 19.4 9.00 
Augite:      
Max Mg# 88.7 90.2 89.4 88.7 86.8 
Med Mg# 84.1 85.8 86.0 85.6 85.6 
Max Cr2O3 0.54 1.12 1.21 0.76 0.68 
Med Al/Ti 13.1 15.0 15.9 13.9 8.98 
 
Table 2 - Typical WPC olivine microprobe analyses. Na2O, K2O, TiO2, and V2O5 are below 



















Flow WP 1L WP 1U WP 1U WP 4M WP 4U WP 4U WP 7L WP 7L
Crystal 47 101 103 117 60 58 91 94
         
SiO2 41.06 41.06 40.86 41.35 41.04 40.95 40.83 40.77
Al2O3 0.04 0.06 0.05 0.04 0.04 0.05 0.05 0.03
FeO 7.56 8.07 8.09 7.02 7.83 7.81 7.11 7.66
MgO 51.23 50.71 50.41 51.48 50.84 50.58 51.08 50.50
CaO 0.16 0.15 0.15 0.16 0.16 0.13 0.17 0.19
MnO 0.08 0.10 0.10 0.07 0.08 0.14 0.08 0.13
NiO 0.40 0.36 0.34 0.41 0.22 0.30 0.48 0.43
Cr2O3 0.18 0.12 0.15 0.28 0.18 0.19 0.26 0.16
Total 100.71 100.64 100.14 100.81 100.38 100.16 100.06 99.87
Fo% 91.57 91.10 91.04 92.02 91.43 91.30 91.81 91.28
Mg# 92.35 91.80 91.74 92.89 92.05 92.03 92.76 92.16
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Figure 17 - Plots of CaO, Cr2O3, and NiO versus Mg# for WPC olivines. An average 
primitive olivine, computed from the ten most magnesian WPC analyses, is also plotted. 
MELTS crystallization model projections are included and temperatures are labeled. 
However, these temperatures may reflect subsolidus reequilibration as the Mg# range is 
much narrower than predicted. 
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wt.% Cr2O3 and 0.56 wt.% NiO, indicating once again that the WPC komatiites are more 
evolved, lower temperature flows. 
Each WPC flow shows slight variation in olivine minor elements, with notable 
distinctions including lower Cr2O3 in WP 1 and higher CaO in WP 7. The upper WP 4 is notable 
for containing lower olivine NiO contents than all other WPC samples, ranging primarily from 
0.21 to 0.31 wt.% NiO, compared to 0.33 to 0.48 wt.% NiO for all other WPC samples (Figure 
17). The explanation for this phenomenon remains uncertain, as such an anomaly could be 
explained by a sulfide phase depleting nickel in olivines of this sample, but no sulfide-rich phase 
was observed. Melt inclusions were apparent in some larger crystals but analyses near melt 
inclusions did not display effects of fractionation. 
Chromite 
 Fresh chromites are nearly ubiquitous in WPC komatiites. In WPC layered komatiitic 
flows there is a general trend of smaller chromites toward the flow tops. Two topmost spinifex 
samples from WP 2 and 3e were the only samples where chromites were absent or sparse. A 
summary of electron microprobe results for chromites of the WPC is given in Table 3. A 
complete table of WPC chromite analyses is given in Appendix A. 
WPC chromites have Cr#s [100Cr/(Cr+Al)] up to 87.1, as compared to 85.6 in previously 
analyzed Weltevreden Formation chromites (Kareem, 2005). Cr# versus Fe# data is given for 
WPC chromites on a plot with fields for Al-undepleted, Al-depleted, and Al-enriched komatiites 
(Figure 18) after Byerly (1999). While some WPC chromites fall on or slightly above the 
maximum derived for Al-undepleted komatiites from the data set of Byerly (1999), that dataset 












































Crystal 70 273 9 322 469 267 33 199 157
      
SiO2 0.12 0.06 0.08 0.10 0.06 0.11 0.08 0.10 0.11
TiO2 0.17 0.25 0.18 0.16 0.21 0.32 0.11 0.14 0.21
Al2O3 7.87 5.67 9.37 9.24 11.29 10.24 6.87 7.91 7.45
Cr2O3 59.53 56.46 50.03 61.40 56.24 49.32 57.20 60.60 63.13
FeO 16.27 20.13 20.22 11.05 14.18 19.20 24.21 15.04 11.87
Fe2O3 4.79 8.87 10.60 2.77 4.49 10.90 5.23 3.93 2.91
MnO 0.22 0.39 0.24 0.29 0.23 0.34 0.48 0.26 0.17
NiO 0.11 0.08 0.11 0.17 0.10 0.15 0.05 0.11 0.19
MgO 11.09 8.32 8.45 14.48 12.81 9.30 5.57 11.83 13.90
CaO 0.03 0.02 0.03 - - 0.18 - - -
V2O5 0.09 0.13 0.12 0.09 0.15 0.18 0.09 0.09 0.08
Total 100.29 100.38 99.44 99.75 99.75 100.23 99.89 100.00 100.03
Cr# 83.54 86.98 78.17 81.68 76.97 76.37 84.82 83.71 85.04
Mg# 54.86 42.42 42.69 70.02 61.69 46.33 29.08 58.38 67.61
Figure 18 - Graph of Fe# vs. Cr# for WPC chromites compared to fields for Type 1 Al-
undepleted komatiitic chromites, Type 2 Al-depleted komatiitic chromites, and Type 3 Al-
enriched komatiitic chromites modified after Byerly (1999). Four arrows highlight the 
compositional variation of chromite within the WP 3e flow from four samples taken from 
the lower, middle, upper, and spinifex sections of the flow. Fe# increases by approximately 
+35 from the lower section of the flow to the spinifex top while Cr# decreases by about -5 
from the lower and spinifex top sections of the flow to the body of the flow. 
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Kareem (2005) found that Cr# was relatively constant over a wide range of Fe#s 
[100Fe2+/(Mg+Fe2+)] in previously studied Weltevreden Formation chromites. This study found 
a similar trend in the massive komatiitic flows (WP 1, 4, and lower WP 7) which most closely 
resemble the Weltevreden Formation flows of Kareem (2005). Chromites of the WP 2 and 3e 
layered flows show much more Cr# variation (both increasing Al and decreasing Cr) than the 
WPC massive komatiites. An interesting trend of Cr# versus Fe# is observed in the layered WP 
3e flow, where samples seem to vary in their chromite geochemistry according to their 
stratigraphic position in the WP 3e flow (Figure 18). While the Fe# vs. Cr# ranges (Figure 18) in 
the analyzed WP 3e flow samples clearly overlap, each sample clearly has a different average 
chromite composition. Typical WP 3e chromite analyses have Fe# 31+/-3 and Cr# 81+/-2 for the 
lower WP 3e, Fe# 39+/-6 and Cr# 77+/-3 for the middle WP 3e, Fe# 55+/-10 and Cr# 78+/-6 for 
the upper WP 3e, and Fe# 63+/-9 and Cr# 84+/-1 for the spinifex top of the WP 3e flow. Thus, 
only the spinifex top of the WP 3e flow aligns with the general linear trend from the massive 
komatiitic WP 1 and 4 flows, which have chromite analyses with Cr# 84+/-1 over the entire 
range of Fe# 33 – 57. Rather than Cr# remaining constant over a wide range of Fe#s, Cr# plots in 
a convex arc in the WP 3e flow, with the lowest Cr#s in the middle of the flow and 
corresponding to intermediate Fe#s and Mg#s. Because many chromite analyses from the layered 
WP 2 and 3e flows have Cr#s of 80 – 87, the geochemistry of the chromites of these flows most 
likely indicates an Al-undepleted komatiitic flow with lower totals representing late stage 
trapped fluid disequilibrium or exchange with surrounding minerals. 
Chromite Mg#s [100Mg/(Mg+Fe2+)] range up to 72.2 in particularly large chromites of 
the lower WP 3e, 68.4 in the lower WP 7, and 67.1 in the middle WP 3e. Kareem (2005) found 
similar chromite Mg#s in the Weltevreden Formation. Medium to large (>100 µm) WPC 
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chromites show zoning with respect to Mg# (unlike Cr#) with Mg# up to +15 higher in cores 
than in rims. This gradual zoning is distinct from the transition to ferrichromite overgrowths 
which presents a sudden drop in Mg# along with a rise in Fe3+ not found in normal gradual 
zoning.  
 WPC chromites average 0.08 – 0.18 wt.% NiO and 0.15 to 0.40 wt.% MnO. NiO and 
MnO chromite contents do not differ greatly between massive and layered flows, but many other 
components do. Graphs of Al/(Cr+Al+Fe3+) and Fe3+/(Cr+Al+Fe3+) (Figure 19) versus Mg# for 
WPC chromites show trends previously observed in Cr# versus Fe#. The massive komatiitic 
flows (WP 1, 4, and lower WP 7) have great variation with respect to certain divalent cations 
(Mg, Fe2+) but do not vary greatly with respect to higher valence cations (Al, Cr, Fe3+, V, Ti, etc) 
so they form very linear trends when trivalent components are plotted against divalent 
components. The spinifex top of the WP 3e flow (MC 5-5) also seems to follow these linear 
trends, while chromites from non-spinifex samples from layered komatiitic flows are much more 
geochemically variable with respect to trivalent and higher valence cations. The layered 
komatiitic flows range lower in Cr and Mg and higher in Fe2+, Fe3+, Al, V, and Ti than the 
massive komatiitic flows, perhaps indicating disequilibrium in late-stage trapped fluids or 
exchange between minerals during cooling affecting chromite of WPC layered komatiitic flows. 
Pyroxene 
 Fresh orthopyroxene, pigeonite, and augite are present in the WPC and exhibit clear 
geochemical separation in a pyroxene quadrilateral diagram (Figure 20). While some pyroxene 
crystals observed through backscatter electron imaging during electron microprobe analyses had 
orthopyroxene or pigeonite cores and augite rims, the boundary between these two phases was 
well defined and not gradational (Figure 13). Analyses of orthopyroxene and pigeonite, which  
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Figure 19 - Graphs of Al/(Cr+Al+Fe3+) and Fe3+/(Cr+Al+Fe3+) vs. Mg# for WPC chromites.
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Figure 20 - Quadrilateral diagram for WPC pyroxenes plotted in MS Excel with algebraic 
conversion to x & y coordinates. This plot represents the lower left hand section of a Ca-Fe-
Mg cation proportion ternary diagram with no corrections applied for non-quadrilateral 
components. MELTS Model B results are included with temperatures labeled. 
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did not occur together in single crystals, were geochemically separated by Wo 
[Ca/(Ca+Mg+Fe2+)] where Wo > 0.05 for pigeonites and Wo < 0.05 for orthopyroxenes. 
Summaries of electron microprobe results for WPC pyroxenes are given in Table 4 and Table 5. 
Full tables of WPC orthopyroxene, pigeonite, and augite analyses included in the graphics and 
referenced in the text of this study are given in Appendix A. 
In the WPC, fresh orthopyroxene has been identified only in the upper section of the WP 
2 flow and in the WP 4 flow. WP 2 orthopyroxenes have Wo = 0.023 to 0.037 and Mg# = 88.8 to 
90.7 while WP 4 orthopyroxenes have Wo = 0.032 to 0.048 and Mg# = 88.3 to 89.1. Previous 
Weltevreden Formation orthopyroxenes (Kareem, 2005) are slightly more magnesian than WPC 
orthopyroxenes, with Wo as low as 0.02 and Mg# up to 91.3. 
Fresh pigeonite is rare in massive komatiitic flows (WP 1, 4, and lower WP 7) but appears to be 
absent or completely altered in the layered komatiitic flows (WP 2, 3e). Some Ca-rich pigeonite 
analyses may represent pigeonite-augite intergrowths, as small pigeonite cores with augite rims 
are common. WPC pigeonites have Mg#s from 87.9 – 83.3 with almost half of analyses greater 
than 87.0. Pigeonites in the Mendon Formation (Byerly, 1999) and elsewhere in the Weltevreden 
Formation (Kareem, 2005) have lower maximum Mg#s of 86.7 and 87.0 respectively. This is in 
contrast to olivines and orthopyroxenes, which are both more magnesian elsewhere in the 
Weltevreden Formation (Kareem, 2005). 
Fresh augites are nearly ubiquitous in the komatiitic flows of the WPC. In massive and layered 
flows of the WPC they are absent only in basal samples where no fresh silicate minerals are 
preserved and textural evidence indicates olivines were predominant and the groundmass was 
dominated by microcrystalline or glassy phases. In the pyroxene quadrilateral diagram (Figure 
20) most augites range from 0.31 – 0.43 Wo, 0.07 – 0.13 Fs, and 0.44 – 0.59 En. However, in the 
topmost spinifex samples (MC 5-6 and MC 7-1) from layered flows, where augite is the only 
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Crystal 262 62 88 122 35 69 31
Mineral opx opx pig pig pig pig pig
     
SiO2 56.68 55.68 56.37 55.60 54.34 55.50 54.60
TiO2 0.05 0.07 0.04 0.07 0.12 0.08 0.13
Al2O3 0.74 1.81 0.82 1.13 1.52 1.58 1.15
Cr2O3 0.47 0.09 0.38 0.08 0.41 0.15 0.05
FeO 6.28 7.38 7.52 8.26 9.22 7.17 9.63
MnO 0.13 0.14 0.21 0.22 0.20 0.14 0.17
NiO 0.10 0.19 0.07 0.11 0.18 0.13 0.18
MgO 34.09 32.18 32.56 30.08 28.61 29.16 29.92
CaO 1.29 2.29 2.07 4.61 5.05 6.08 3.47
Na2O - 0.03 - 0.03 0.04 0.03 -
K2O 0.02 - - - - - -
Total 99.85 99.86 100.04 100.19 99.70 100.01 99.31
Wo 0.024 0.043 0.039 0.087 0.097 0.116 0.066
En 0.885 0.848 0.851 0.791 0.765 0.777 0.791
Fs 0.091 0.109 0.110 0.122 0.138 0.107 0.143
Mg# 90.63 88.60 88.53 86.65 84.69 87.88 84.71
Al2O3/TiO2 15.14 25.91 18.70 15.32 12.57 19.95 9.14
 




































Crystal 127 147 265 172 224 71 91 23
     
SiO2 53.67 53.36 52.86 53.03 51.94 53.42 49.69 52.26
TiO2 0.15 0.11 0.14 0.13 0.17 0.15 0.36 0.31
Al2O3 2.31 1.60 2.34 2.16 3.28 2.23 6.95 3.06
Cr2O3 0.40 0.60 1.12 0.75 1.10 0.25 0.08 0.24
FeO 4.39 3.81 3.90 4.39 5.43 4.32 7.00 5.06
MnO 0.12 0.13 0.09 0.09 0.16 0.12 0.21 0.08
NiO 0.07 0.13 0.09 0.04 0.07 0.09 0.04 0.12
MgO 19.26 19.65 18.53 19.18 17.85 18.93 15.81 17.68
CaO 19.10 19.96 20.86 20.15 20.07 20.18 19.45 20.89
Na2O 0.11 0.10 0.15 0.14 0.13 0.12 0.15 0.15
K2O - - - - - - - -
Total 99.59 99.47 100.08 100.06 100.20 99.81 99.74 99.86
Wo 0.387 0.397 0.420 0.401 0.408 0.404 0.415 0.423
En 0.543 0.544 0.519 0.531 0.505 0.528 0.469 0.498
Fs 0.069 0.059 0.061 0.068 0.086 0.068 0.116 0.080
Mg# 88.66 90.19 89.44 88.62 85.42 88.65 80.10 86.17




 fresh mineral commonly preserved, analyses form a secondary trend of Fe2+ enrichment with 
0.09 – 0.24 Fs and 0.37 – 0.41 Wo. This trend may represent alteration or differing 
crystallization and cooling conditions in topmost spinifex samples which would be expected to 
have cooled rapidly as evidenced by their spinifex textures and are altered extensively as 
discussed in the section on the petrography and electron micrography of pyroxenitic spinifex 
komatiites. 
WPC augites have extremely high Mg#s relative to other komatiitic augites, up to 90.2. 
This makes WPC augites significantly more Mg-rich than those in the Mendon Formation 
(Byerly, 1999) and elsewhere in the Weltevreden Formation (Kareem, 2005) where augites have 
Mg# maximums of 87 and 85 respectively.  A plot of Al2O3 versus Mg# (Figure 21) produces 
several distinct trends which are also exhibited for TiO2 versus Mg# (not plotted). Topmost 
spinifex samples (MC 5-6 and MC 7-1) form a trend of high Mg# decrease with slight TiO2 and 
Al2O3 increase. All other samples form a trend of intermediate Mg# decrease and TiO2 and 
Al2O3 increase. WPC augites have Al2O3/TiO2 ranging primarily from 11 – 20 (Figure 22). The 
final massive komatiitic flow, the lower WP 7, is unique. Its augites have Al2O3/TiO2 of 7.4 - 
9.8, with an average of 8.7. Its pigeonite Al2O3/TiO2 range is also unique, 8.7-9.1 as compared to 
11-22 for other WPC pigeonites. 
A plot of Cr2O3 versus Al2O3 (Figure 22) separates WPC augites into distinct groups. 
Augites from massive komatiitic flows (WP 1 & 4) follow a trend of greatly increasing Al2O3 
content while Cr2O3 content decreases toward zero, which is typical of BGB komatiites (Byerly, 
1999; Kareem, 2005). Conversely, most augites from layered komatiitic flows follow a trend of 
greatly increasing Cr2O3 content, up to 1.2 wt.%, with slightly increasing Al2O3 content. In both 




Figure 21 - Graph of Al2O3 vs. Mg# for WPC pyroxenes. MELTS crystallization model 
results are included with temperatures labeled. 
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Figure 22 - Graphs of TiO2 and Cr2O3 vs. Al2O3 for WPC pyroxenes. Al2O3/TiO2 ratios are 
generally 7 – 10 (average 8.5) for WP 7 and 11 – 20 (average 15) for non-WP 7 augites and 
lines illustrating these average ratios are plotted. The graph of Cr2O3 vs. Al2O3 separates 
WPC augites into several distinct geochemical groups described in the text. 
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and MC 7-1) augites from layered komatiitic flows contain very low amounts of Cr2O3 and ~2 
wt.% Al2O3. 
Zoning is prevalent in WPC augites, as indicated by comparisons of core, intermediate, 
and rim analyses. Mg#, MgO, and especially Cr2O3 are highest in core analyses. Al2O3, TiO2, 
FeO, and Wo are higher in analyses of crystal rims, with Al2O3 and TiO2 generally increasing in 
parallel to preserve constant Al2O3/TiO2. These patterns generally agree with BGB komatiitic 
pyroxene traverses of Kareem (2005) and Byerly (1999). A prominent core to rim trend of 
increasing Al2O3 content in massive komatiitic flows (WP 1 & 4) is accompanied by decreasing 
Cr2O3 content and increasing Wo. Core to rim increases in Wo, most marked in massive 
komatiitic flows (WP 1 & 4) but also apparent in layered komatiitic flows (WP 2 & 3e), are in 
contrast to core to rim decreases in Wo identified in the Komati Formation (Parman and Grove, 
2004) which were used to suggest hydrous crystallization. 
ROCK CHEMISTRY 
Major Elements 
 The WPC bulk rock samples analyzed range from highly magnesian komatiites to more 
calcium and aluminum rich pyroxene spinifex komatiites and komatiitic basalts (Figure 23, 
Figure 24). MgO wt.% compositional ranges in various rock types are: massive cumulate 
komatiites 39.8 – 42.1 % (WP 1, 4, and lower WP 7),  homogeneous peridotitic cumulate 
komatiites 36.2 - 39.9 % (WP 9), layered cumulate komatiites (excluding the topmost 
pyroxenitic spinifex) 26 – 45.7 % (WP 2, 3, 3e), and topmost pyroxenitic spinifex komatiites and 
pyroxene spinifex komatiitic basalts 9.5 – 14.9 % (Top WP 2, Top WP 3e, middle – upper WP 
7). WPC komatiites have peak MgO contents comparable to other komatiites of the BGB at ~45 
wt.% MgO (Anhaeusser, 1985; Byerly, 1999; Kareem, 2005; Smith and Erlank, 1982) and 
generally higher than other greenstone belts (Arndt et al., 1977; Revillon et al., 2000). Massive  
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Figure 23 - Graphs of FeO, Ni, and Cr vs. MgO for WPC komatiites. A computed average 
of WPC primitive olivine analyses is plotted. Linear regression lines are plotted and 
exclude low MgO (< 12 wt.%) pyroxenitic komatiites and komatiitic basalts, other outliers 
which are indicated by underlying cross marks, and the average primitive olivine. Melts 
Model B estimates for the WPC liquid are included with temperatures labeled. 
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Figure 24 - Graphs of Al2O3, TiO2, Sc, and V vs. MgO for WPC komatiites. A computed 
average of WPC primitive olivine analyses is plotted. Linear regression lines are plotted 
and exclude low MgO (< 12 wt.%) pyroxenitic komatiites and komatiitic basalts, other 
outliers which are indicated by underlying cross marks, and the average primitive olivine. 
Melts Model B estimates for the WPC liquid are included with temperatures labeled. 
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cumulate komatiites of WP 1, 4, and lower WP 7 have a narrow range of FeO composition 
(Figure 23) from 8.00 – 8.82 wt.%, while layered komatiites of WP 2, 3, and 3e range from 6.39 
– 10.25 wt.%, again emphasizing the widely varied degree of differentiation between these flow 
types. XRF results for major and select trace elements are given in Table 6. Full XRF results are 
given in Appendix B. 
 When elements incompatible with olivine (Al2O3, TiO2, Sc, and V) are plotted against 
MgO (Figure 24) the majority of analytical data fall on olivine accumulation trend lines that 
intersect the MgO axis at approximately ~52 wt.%, which suggests accumulation of olivine with 
52 wt.% MgO. For comparison with olivine accumulation trend lines, the composition of WPC 
primitive olivine (calculated from an average of the ten highest Mg# electron microprobe 
analyses of WPC olivines) is included on all figures in this section (Figure 23, Figure 24, Figure 
25) where plotted elements were analyzed in olivines. Most elements incompatible with olivine 
show a strong correlation with bulk rock MgO content (R2 ~ 0.95; Figure 24) when low-MgO 
pyroxenitic komatiite and komatiitic basal samples are excluded along with the occasional 
outlying analyses. WPC bulk rock Al2O3/TiO2 (Figure 25) varies from 24.5 – 33.8 (Table 6) 
except in the WP 7 flow. WP 7 komatiites and komatiitic basalts have bulk rock Al2O3/TiO2 of 
18.5 – 25.8. 
Ni (Figure 23) shows a positive correlation with MgO, reflecting the compatibility of Ni 
in olivine. Cr (Figure 23) shows a complex relationship with MgO, reflecting the early 
crystallization of chromite joining olivine crystallization and deflecting bulk rock compositions 
to higher Cr contents due to probable chromite accumulation. Certain elements which are 
generally incompatible in olivine (K2O, Na2O, CaO, Ba, and Sr) did not yield strong linear trends 
but are highly concentrated in some pyroxene spinifex samples. Previous studies of komatiites  
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Table 6 - WPC bulk rock analyses by XRF and ICP-MS normalized to 100% dry weight. 
Full results with additional trace elements are given in the appendix. 
 


























































 SiO2   45.31 46.88 48.54 53.71 44.94 49.62 48.32 46.81 45.14 46.17 56.48 55.72 54.90 47.93 46.08
 TiO2   0.10 0.14 0.42 0.37 0.06 0.16 0.22 0.07 0.08 0.14 0.42 0.57 0.44 0.16 0.10
 Al2O3  2.94 4.07 13.02 11.55 1.66 3.93 6.68 2.49 2.48 2.87 10.77 10.60 10.32 4.27 2.77
 FeO* 8.48 9.08 6.39 10.25 6.76 9.22 9.74 8.82 8.00 8.19 9.19 10.02 10.14 9.36 9.72
 MnO    0.14 0.16 0.14 0.09 0.12 0.16 0.15 0.11 0.12 0.11 0.18 0.18 0.17 0.15 0.12
 MgO    40.05 36.19 11.00 11.90 45.68 31.71 26.02 41.51 42.06 39.80 11.65 9.54 10.78 36.20 39.91
 CaO    2.84 3.36 20.20 8.25 0.67 5.06 8.38 0.10 1.98 2.59 7.14 10.86 9.16 1.78 1.19
 Na2O   0.10 0.10 0.25 3.75 0.09 0.11 0.45 0.08 0.11 0.11 4.03 2.42 4.00 0.08 0.08
 K2O    0.00 0.00 0.00 0.09 0.00 0.02 0.02 0.00 0.01 0.01 0.09 0.03 0.06 0.04 0.00
 P2O5   0.02 0.02 0.04 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.05 0.06 0.04 0.03 0.02
Al2O3/TiO2 29.14 28.43 30.95 31.62 26.33 24.51 30.37 33.74 30.80 20.91 25.77 18.52 23.62 26.21 27.35
 Ni (ppm) 2168 2066 146 144 2905 1296 916 2547 2434 2364 163 118 131 2173 2269
 Cr (ppm) 3651 4155 221 819 1878 3438 3793 3179 3598 2079 780 561 610 2769 7746
 Sc (ppm) 12.67 17.96 42.07 40.46 8.53 21.30 32.75 11.13 11.53 13.94 34.89 38.01 39.53 15.25 12.44
 V (ppm) 69.90 91.91 262.69 247.28 38.90 103.21 148.48 56.14 58.61 70.34 201.96 222.07 222.80 83.54 71.06
Est. LOI% 9.72 12.70 6.05 3.61 17.39 9.99 8.74 13.76 9.42 12.08 3.10 1.84 1.36 11.22 13.25
       
ICP-MS: (ppm)      
La 0.20 0.24 0.43 0.63 0.12 0.34 0.46 0.23 0.40 0.39 2.71 2.63 1.02 0.89 0.38
Ce 0.50 0.64 1.49 1.71 0.29 0.89 1.15 0.48 0.86 1.00 6.18 5.92 2.70 1.89 0.90
Pr 0.07 0.10 0.30 0.28 0.04 0.13 0.18 0.07 0.11 0.15 0.81 0.89 0.43 0.24 0.13
Nd 0.39 0.53 1.78 1.58 0.24 0.74 0.98 0.39 0.56 0.78 3.91 4.59 2.34 1.14 0.64
Sm 0.18 0.23 0.78 0.67 0.10 0.31 0.41 0.15 0.21 0.30 1.26 1.66 0.96 0.39 0.22
Eu 0.07 0.10 0.36 0.31 0.04 0.11 0.19 0.08 0.07 0.11 0.41 0.65 0.40 0.14 0.15
Gd 0.28 0.39 1.23 1.05 0.16 0.48 0.62 0.24 0.28 0.41 1.62 2.34 1.48 0.51 0.31
Tb 0.06 0.08 0.25 0.22 0.03 0.09 0.13 0.04 0.05 0.08 0.30 0.45 0.28 0.10 0.06
Dy 0.40 0.55 1.80 1.57 0.22 0.68 0.94 0.31 0.36 0.53 2.04 3.04 1.92 0.67 0.40
Ho 0.09 0.12 0.41 0.36 0.05 0.15 0.21 0.07 0.08 0.11 0.45 0.67 0.42 0.14 0.09
Er 0.27 0.36 1.16 1.04 0.15 0.43 0.59 0.21 0.23 0.31 1.24 1.89 1.19 0.40 0.25
Tm 0.04 0.05 0.17 0.16 0.02 0.07 0.09 0.03 0.03 0.05 0.18 0.27 0.18 0.06 0.04
Yb 0.25 0.35 1.10 1.01 0.13 0.43 0.60 0.19 0.22 0.30 1.15 1.64 1.10 0.39 0.23
Lu 0.04 0.06 0.18 0.16 0.02 0.07 0.10 0.03 0.03 0.05 0.19 0.27 0.18 0.06 0.04
Ba 0.66 4.05 2.48 22.79 0.31 2.17 7.24 7.14 3.68 0.83 31.26 20.59 8.30 8.45 2.88
Th 0.02 0.03 0.06 0.05 0.02 0.03 0.03 0.03 0.07 0.05 0.40 0.29 0.10 0.20 0.06
Nb 0.15 0.20 0.60 0.49 0.08 0.25 0.33 0.13 0.24 0.27 1.44 1.63 0.83 0.49 0.23
Y 2.44 3.22 10.73 9.50 1.31 3.93 5.61 1.89 2.07 2.90 11.83 19.56 11.16 3.89 2.48
Hf 0.12 0.17 0.54 0.47 0.06 0.22 0.28 0.10 0.12 0.18 0.92 1.03 0.64 0.28 0.15
Ta 0.01 0.01 0.04 0.03 0.01 0.02 0.02 0.01 0.02 0.02 0.09 0.12 0.05 0.04 0.02
U 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.09 0.07 0.03 0.06 0.01
Pb 0.10 0.12 0.13 0.16 0.06 0.15 0.13 0.21 0.16 0.56 0.90 1.16 0.32 0.62 0.59
Rb 0.50 0.88 0.21 1.55 0.16 2.85 0.74 0.90 0.90 0.99 1.17 0.63 2.50 7.50 0.97
Cs 0.13 0.56 0.12 0.57 0.03 1.44 0.66 1.28 0.12 0.41 0.39 0.24 0.93 5.55 1.45
Sr 5.82 3.06 10.16 101.39 2.59 2.81 4.76 2.32 3.53 1.22 23.58 226.86 18.60 6.73 12.64
Sc 11.74 15.12 33.73 39.30 7.35 17.87 28.66 10.77 10.20 11.71 36.07 38.45 49.62 15.66 11.05
Zr 3.95 5.29 17.03 14.62 2.19 7.02 8.62 3.37 4.25 6.10 31.58 34.42 20.86 9.39 4.96
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Figure 25 - Graph of TiO2 vs. Al2O3 for WPC komatiites. A computed average of WPC 
primitive olivine analyses is plotted. Separate linear regression lines are plotted for WP 7 
samples and all other WPC komatiites, along with Al2O3/TiO2 ratios for each trend line, 
indicating that two distinct groups of Al-undepleted komatiites exist in the WPC. 
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(Arndt, 1994; Nesbitt et al., 1979; Smith and Erlank, 1982) indicate that these elements are 
mobilized during alteration. 
Trace Elements 
Trace elements were analyzed by ICP-MS, results are summarized along with XRF 
results in Table 6, and full ICP-MS results are given in the Appendix C. ICP-MS results are used 
in this section to plot spider (incompatible element abundance) diagrams after being normalized 
to the composition of the bulk silicate Earth tabulated in McDonough (2004). Summary spider 
diagrams are shown (Figure 26), grouping samples into four flow types: massive komatiite flows 
(WP 1, 4, lower 7), layered komatiite flows (WP 2, 3, 3e), komatiitic basalt flows (middle – 
upper WP 7), and homogeneous peridotitic komatiite flows (WP 9). Each group shares 
somewhat similar trace element patterns. All samples show relatively flat HREE patterns with 
slightly different ranges in WP 1 – 4 (GdN/YbN = 0.85 – 1.04), WP 7 (GdN/YbN = 1.10 – 1.16), 
and WP 9 (GdN/YbN = 1.07). The layered komatiitic flows have highly depleted LREE patterns 
(LaN/YbN = 0.26 – 0.58) while other samples vary from moderately depleted to moderately 
enriched (LaN/YbN = 0.54 – 1.59). The massive komatiitic flows of WP 1 and 4, in particular, 
have REE patterns similar to the Weltevreden Formation komatiites of Kareem (2005).  
Among the WPC flows, it can be noted that, relative to bulk silicate Earth, cumulate 
samples plot at lower abundances of HREE’s, spinifex samples plot at higher abundances, and 
some samples with intermediate MgO contents have intermediate HREE abundances (such as the 
upper WP 3e and the lower WP 9). Kareem (2005) found similar patterns, except that Kareem’s 
spinifex samples were olivine spinifex, more Mg-rich than pyroxene spinifex, and plotted near 1. 
These variations are clearly a product of flow differentiation due to olivine accumulation, as 
REEs are incompatible in olivine. Thus, a comparison of the greater range of variation in REE 
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content in layered komatiitic flows as compared to massive komatiitic flows (Figure 26) suggests 
a higher degree of differentiation in layered komatiitic flows. 
Highly mobile elements such as Cs, Rb, Ba, Pb, and Sr exhibit extreme anomalies due to 
their mobility during alteration processes. For this reason, these elements were excluded from 
spider diagrams. A strong positive Cs anomaly is seen in all samples. Negative Ba, positive Pb, 
and negative Sr anomalies are seen in many samples, although opposite anomalies or flat points 
are sometimes present. 
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Figure 26 - Summary spider diagrams for WPC komatiites and komatiitic basalts, grouped 




EXTRUSIVE ORIGIN AND VOLCANOLOGY 
Komatiites of the WPC are texturally and stratigraphically unique in comparison to 
previously studied komatiites of the BGB. Flows of similar bulk composition, termed massive 
and layered, exhibit strikingly different characteristics. Massive flows are relatively 
homogeneous olivine cumulates (Figure 7), lacking olivine spinifex A layers. In fact, no olivine 
spinifex has been identified in the WPC. Conversely, layered flows are highly differentiated with 
pyroxene spinifex tops, olivine cumulate bases, and internal layers with variable pyroxene 
morphologies (Figure 8). This complex layering is different from that documented in other 
komatiite studies and is more extensive than the differentiation documented in other such Mg-
rich komatiites. In addition, interlayered komatiitic tuffs (Thompson, in progress) give the WPC 
section a different stratigraphic character than komatiite outcrops where flows are directly 
stacked as in the Komati Formation (Viljoen and Viljoen, 1969a, b) and Weltevreden Formation 
(Kareem, 2005) or separated by cherts as in the Mendon Formation (Byerly, 1999). Finally, the 
massive (WP 1 & 4) and layered WP 2, 3, and 3e) komatiitic flows of the northern half of the 
WPC section exhibit highly complex lateral variations (Figure 5) in thickness and lithology. 
The previous explanation for some of these unique lithologic characteristics has been that 
some or all WPC flows are intrusive and that the interbedded komatiitic tuffs are shear zones 
within the intrusion (Anhaeusser, 1985; Wuth, 1980). Thompson (in progress) concludes that the 
fine grained layers in the WPC are, in fact, komatiitic tuffs based on petrography, electron 
microscopy, textures, and field relationships. WPC komatiitic tuffs and related komatiitic tuffs 
include rare lapilli and exhibit plane and cross bedding consistent with deposition and occasional 
transport in a marine environment (Figure 3). Their bedding textures indicate a consistent up 
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direction to the south in the WPC. They are geochemically komatiitic and their Al/Ti mantle 
fractionation geochemistry is more variable than WPC flows, including several Al-depleted 
samples within the stratigraphic section that could not represent the sheared equivalent of any 
WPC flows analyzed in this study. Thus, it is reasonable to conclude that the WPC fine-grained 
intervals are a complex assemblage of komatiitic tuffs. Reinterpretation of these zones as 
komatiitic tuffs requires a reexamination of the interbedded komatiitic rocks, as they would now 
have to be interpreted as an extensive complex of sills rather than one or several more massive 
intrusions if the intrusive interpretation is reaffirmed.  
 Additional evidence indicates that WPC komatiites are extrusive: Abundant pyroxene 
spinifex flow tops indicate rapid cooling consistent with a submarine environment. There is a 
consistent up direction in the WPC with spinifex tops occuring only on the southern contacts and 
cross bedding in komatiitic tuff layers throughout the WPC indicating an up direction to the 
south (Thompson, in progress). Meanwhile, serpentinized olivine basal layers typically line north 
facing flow margins in the WPC (Figure 5). WPC komatiite crystal sizes are within the typical 
range for komatiites and their petrographic textures are distinctly volcanic, with fine, 
microcrystalline, and chloritized glass groundmass (Figure 10). WPC olivine pseudomorphs have 
maximum diameters from 1.5 – 0.4 mm, varying between different samples and flows, as 
compared to 2.0 – 0.3 mm in the Mendon Formation (Byerly, 1999), up to 1 mm elsewhere in the 
Weltevreden Formation (Kareem, 2005), and a general range of 2.0 – 0.2 mm for komatiites 
(Donaldson, 1982). Finally, no cases of WPC flows cross cutting komatiitic tuffs or other flows 
is evident (Figure 5), contrary to what one might expect if the WPC was a complex of sills 
extensively intruding WPC komatiitic tuff sequences at numerous levels.  
The variations between massive and layered komatiitic flows in the WPC are also best 
explained by a volcanic process: variations in relative ponding versus sheet or channel flow. 
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Arndt et al. (1986) writes “Spinifex textures and pronounced layering develop only in flows that 
become ponded before the lava has cooled considerably.” Perring et al. (1995) writes 
“Fractionated sequences reflect late-stage ponding and in situ fractionation of the komatiitic 
lava.” Thus, WPC layered komatiitic flows (WP 2, 3, and 3e) which are highly differentiated and 
topped by pyroxene spinifex are interpreted to represent ponded lavas. WPC massive komatiitic 
flows (WP 1, 4, and lower WP 7), which are relatively undifferentiated and lack any spinifex 
tops, are interpreted to represent sheet flow or channelized lavas that did not experience the 
degree of late-stage ponding that might produce typical A-B layered komatiite flows (Pyke et al., 
1973) with olivine spinifex tops but without the same top to bottom textural and compositional 
variation as WPC layered komatiitic flows. 
Another compelling factor in the variability and uniqueness of WPC flows might be the 
presence of the interbedded komatiitic tuffs. In the Columbia River basalts, complex lateral and 
lithologic variations have been documented where basalts flows interact with their own tuffs 
(Byerly and Swanson, 1987), eroding, invading beneath, and mixing with tuffs and thereby also 
creating a more complex surface topography producing more variable degrees of channelization 
and ponding. Thus, interactions with komatiitic tuffs may produce the high lateral variability 
evident in the northern section of the WPC, WP 1 – 4. 
The WP 6 – 8 komatiitic basalts could be the result of extensive differentiation of a 
komatiitic liquid like that which produced the lower WP 7 massive komatiitic flow or they could 
come from a separate komatiitic basalt source. They form thin flows which are often directly 
stacked and are lithologically similar to other BGB komatiitic basalts. The most important 
observation to be made from these rather typical komatiitic basalt flows is that their pyroxene 




 The MELTS program (Asimow and Ghiorso, 1998; Ghiorso and Sack, 1995) version 
10.4.5 for Mac OS X was used to model crystallization of the WPC komatiites based upon the 
procedures discussed in the methods section. A liquidus of 1542°C was determined for olivine, 
the first mineral to crystallize. All other phase transitions temperatures are averages from data 
points at 10°C cooling intervals. Olivine crystallizes from 1542°C – 1315°C. Chromite 
crystallizes from 1495°C down to the end of the experimental run at 1000°C. Orthopyroxene 
crystallizes from 1315°C to 1210°C, replacing olivine as the primary silicate phase. Pigeonite 
crystallizes from 1210°C to 1195°C, replacing orthopyroxene, while augite crystallizes from 
1195°C down to the end of the experimental run at 1000°C, replacing pigeonite. Full data tables 
of MELTS modeling results are given in Appendix D. 
For several reasons, MELTS Model B, which inhibits plagioclase crystallization, was 
found to best fit WPC petrology and geochemistry. Plagioclase was never seen as 
microphenocrysts in the WPC and was only seen in komatiitic basalts as a fine groundmass 
mineral. If allowed to crystallize as in MELTS Model A, plagioclase crystallizes from 1175°C to 
1000°C and results in the additional crystallization of an increasingly Fe-rich pigeonite series 
from 1175°C to 1045°C which is not present in WPC pigeonite analyses. The resulting 
crystallization of plagioclase and pigeonite in MELTS Model A also affects MELTS predictions 
for augite chemistry, reducing predicted Wo contents by 0.02 – 0.05, which is inconsistent with 
WPC augite analyses. Therefore, only MELTS Model B results are plotted in figures throughout 
this study (Figure 17, Figure 20, Figure 21, Figure 23, Figure 24). The crystallization sequence 
and the weight percentage abundance of phases crystallized through the cooling range for the 
WPC flows are given in a diagram (Figure 27) based upon Model B. 
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Figure 27 - Diagram of WPC MELTS results. This run (Model B) excludes plagioclase 
crystallization, which would affect phase proportions after cooling to 1175°C if allowed to 
crystallize. The percent liquid line depicts the progressive crystallization and loss of 
original liquid with cooling. The diagram above the liquid line depicts the cumulative 
weight percentage of solids crystallizing from the liquid. The diagram below the liquid line 
depicts current phases crystallizing from the liquid over temperature ranges. 
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 MELTS predicts olivine Mg#s [100Mg/(Mg+Fe2+)] from 94.2 at 1540°C to 87.2 at 
1310°C. WPC olivines have Mg#s from 92.9 to 91.0, corresponding to olivines predicted by the 
MELTS model at approximately 1480 - 1420°C (Figure 17). This narrowing of the observed 
olivine Mg# range compared to the modeled composition was also seen in the Weltevreden 
Formation komatiites of Kareem (2005) and is likely to represent both subsolidus reequilibration 
which would naturally narrow olivine Mg# range through core-rim Mg-Fe exchange and 
serpentinization which does not preserve fresh olivine at crystal rims where the lowest Mg#s 
would occur. 
In general, WPC pyroxenes have higher Mg# (especially in pigeonites and augites), CaO 
(in augites), and Al2O3 (in augites from massive komatiitic flows) than predicted by MELTS 
(Figure 20, Figure 21). The variety of pigeonite crystallized is distinct from that predicted by 
MELTS. MELTS pigeonites have a much lower Mg#, almost double the CaO content, and a 
strong Fe-enrichment trend during cooling as compared to WPC pigeonite analyses. 
WPC clinopyroxene analyses have significantly higher Mg#s than those predicted by 
MELTS calculations. Microprobe analyses show Mg# 90.7 - 88.3 orthopyroxenes, Mg# 87.9 - 
83.3 pigeonites, and Mg# 90.2 - 80.3 in typical augites. MELTS predicts Mg# 87.8 - 82.2 
orthopyroxenes, Mg# 78.1 - 77.0 pigeonite, and Mg# 79.2 and lower in augite. In WPC 
komatiitic flows, each sequential primary phase in the crystallization sequence is increasingly 
higher in Mg# than predicted by MELTS. Addition MELTS runs with up to +2.5 wt.% SiO2 and 
+ 3.0 wt.% CaO in the parent magma could only account for a maximum of 50% of this 
discrepancy in pigeonite and augite Mg# and would not fit olivine accumulation trends from bulk 
rock data. Zoning in WPC clinopyroxenes toward slightly higher Mg# cores indicates that high 
Mg#s are primary, not the effect of Mg transport within the rock enriching clinopyroxenes from 
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rims inward. Arndt and Fleet (1979) identified highly magnesian pigeonites (Mg# ≈ 84) in 
pyroxene spinifex flow tops and argued that these crystals were the product of supercooling and 
resulting disequilibrium. Campbell and Arndt (1982) examined komatiitic flows from the Munro 
Township, Ontario and found that in laboratory experiments under equilibrium conditions, 
pyroxene does not appear until the rocks reach 9 wt.% MgO but rock samples with up to 15 wt.% 
MgO lacked evidence of olivine crystallization. They argued for the early metastable 
crystallization of pyroxenes from an approximately 15 wt.% MgO and 1350°C liquid. This late-
stage disequilibrium evidenced in komatiitic clinopyroxenes, for which the exact cause and 
mechanisms remain unclear to the scientific community (Donaldson, 1984), also appears to 
occur in the WPC. To further analyze this phenomenon, an additional pyroxene quadrilateral was 
plotted (Figure 28) with corrections applied for non-quadrilateral components and isotherms 
added as in Lindsley (1983). These isotherms assume that multiple pyroxene phases crystallize in 
equilibrium, while MELTS results and rock textures for the WPC indicate that pyroxene phases 
crystallize sequentially, so the application of this diagram may be limited. To the degree that 
they are applicable, these isotherms indicate that WPC augites and pigeonites crystallized at up 
to ~1250°C. Some WPC augite from massive komatiitic flows have compositions plotting up to 
1350°C, but it is possible some of these analyses represent intergrowths of pigeonite or 
orthopyroxene. Nonetheless, these elevated temperatures of 1350°C - 1250°C for clinopyroxenes, 
as opposed to MELTS calculations where clinopyroxenes appear at ~1200°C, would represent a 
similar level of late-stage disequilibrium as that which has been identified previously in 
komatiites by Campbell and Arndt (1982). 
 MELTS does not accurately predict the composition of WPC chromites. One simple 
explanation is that MELTS does not incorporate Cr2O3 into olivines or pyroxenes. Most WPC
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Figure 28 - Quadrilateral diagram for WPC pyroxenes plotted in MS Excel with algebraic 
conversion to x & y coordinates. This plot represents the lower left hand section of a Ca-Fe-
Mg cation proportion ternary diagram with corrections applied for non-quadrilateral 
components and isotherms plotted as in Lindsley (1983).
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olivines and pyroxenes were found to contain significant amounts of Cr2O3 with typical ranges of 
0.1 – 0.25 wt.% in olivines, 0.3 – 0.5 wt.% in orthopyroxenes, 0.05 – 0.3 wt.% in pigeonites, 0 – 
1.2 wt.% (average 0.4 wt.%) in augites. Given an original liquid estimated at 0.42 wt.% Cr2O3, 
the exclusion of Cr2O3 from these phases will undoubtedly affect predictions of chromite 
crystallization. Olivine, for example, has a partition coefficient for Cr2O3 (DCrOLV/LIQ) of 0.35 – 
0.46 estimated by Kareem (2005). By using a partition coefficient of 0, MELTS essentially 
doubles the rate of Cr2O3 accumulation in the liquid during olivine crystallization. The real world 
reduction of available Cr2O3 in the liquid relative to the MELTS model is likely to cause 
chromite to crystallize at a lower temperature, with lower Cr2O3 contents, and/or in fractions of 
the abundance predicted. Fortunately, chromite geochemistry is not a significant factor in the 
bulk rock geochemistry of komatiites for any component except Cr2O3. 
INTERFLOW GEOCHEMICAL VARIATIONS 
WPC rock and mineral chemistry varies significantly between flow types. Bulk rock 
MgO content varies from 42.1 – 39.8 wt.% in massive komatiitic flows (WP 1, 4, and lower WP 
7) and from 45.7 – 11.0 wt.% in layered komatiitic flows, indicating much more extensive 
fractionation in the latter flow type. However, both flow types generally plot along the same bulk 
rock olivine accumulation trends, indicating that were formed from similar liquids and initially 
differentiated through accumulation of geochemically similar olivine crystals. However, no fresh 
olivine was preserved in layered komatiitic flows so olivine geochemistry cannot be compared. 
Only the low MgO (< 12 wt.%) spinifex tops of layered komatiitic flows typically plot off of 
olivine accumulation trends with respect to some components (Fe, Mn, and Al) indicating 
pyroxene accumulation processes. 
Chromite geochemistry is much more variable in layered komatiitic flows in the WPC. 
The variations in chromite geochemistry between flows types in the WPC are geochemically 
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analogous to those seen in Barnes (1998). However, Barnes’ flow types themselves are different 
than those exhibiting similar geochemical variation in the WPC. Barnes found that thin (< 10 m) 
A-B layered olivine-spinifex-bearing typical komatiitic flows (Pyke et al., 1973) contained 
komatiitic chromites with relatively fixed trivalent cation (Cr, Al, Fe3+, Cr#) and Ti contents over 
a wide range of Mg#s. Meanwhile, in thick dunitic sheet flows and lava lakes (up to several 
hundred meters thick), dunitic channelized sheet flows (up to several hundred meters thick), and 
channelized sheet flows (20 – 200 m thick) Barnes found much more variable geochemistry with 
scattered higher contents of Al, Fe3+, and Ti and lower contents of Cr and Cr# over a similar 
wide range of Mg#s. The same variations, but with somewhat different flow types, are seen in 
WPC komatiitic chromites. In the WPC, massive komatiitic flows show similar chromite 
geochemical variations to Barnes’ thin differentiated flows. WPC massive komatiitic flows are 
different from Barnes’ thin differentiated flows in that they are thicker (92 m for WP 1, 25 m for 
WP 4, and 13 m for lower WP 7 versus < 10 m for Barnes’ flows) and are not differentiated 
(they lack olivine spinifex tops) but they are similar in that they are not extensively fractionated 
and they are not hundreds of meters thick as in Barnes’ other flow types. WPC layered komatiitic 
flows show similar chromite geochemical variation to Barnes’ thick flows. They are similar to 
Barnes’ thick flows in that they can exhibit high lateral variability and they frequently contain 
highly dunitic sections. However, their volcanic facies cannot be characterized as completely as 
those of Barnes’ thick flows because their exposures are not sufficiently laterally extensive 
within the study area. Barnes (1998) interprets the extensive variation in chromite geochemistry 
in thicker flows as reflecting interactions with trapped liquid during slow cooling. As further 
layered komatiitic sections in the WPC and Sawmill and Emmenes Ultramafic Complexes are 
examined, chromite geochemical data may provide further value in characterizing and 
correlating volcanic facies as it has in Barnes (1998). 
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Augites have higher Cr, higher Wo, lower Al, and more variable Mg# in layered 
komatiitic flows. Variably enriched Cr contents (Figure 22) in komatiitic augites within the 
bodies of layered komatiitic flows (WP 2, 3e), up to 1.2 wt.% Cr2O3, may be related to variably 
reduced Cr# (Figure 18) and Cr contents (from a high of 60 to a low of 40 wt.% Cr2O3) in 
komatiitic chromites from the bodies of the same flows. In the bodies of WPC layered komatiitic 
flows, augite crystals are often large to very large and poikilitic. Cr contents are mildly zoned in 
both chromites and pyroxenes from these flows with lower Cr contents toward crystal rims. 
Given that the bodies of WPC layered komatiitic flows contain large augites which often include 
chromites, and given that chromites are variably Cr-depleted and augites are variably Cr-
enriched within these flow sections, it is interpreted that Cr exchange occurred to large augites 
from their chromite inclusions. 
Overall, the greater geochemical variation in layered komatiitic flows as compared to 
massive komatiitic flows in pyroxene and chromite mineral chemistry can best be explained by 
earlier emplacement and slower cooling, which is consistent with the earlier conclusion that 
layered komatiitic flows represent ponded lavas. Earlier emplacement would allow greater 
disequilibrium in trapped interstitial fluids. Slower cooling would increase subsolidus exchange. 
PARTITION COEFFICIENTS 
 Partition coefficients (DOLV/LIQ) are calculated for the WPC komatiites by two methods 
and the variables and results for each method are given in Table 7 and compared to other 
komatiites in Table 8. Both methods use the same estimated composition for the WPC original 
liquid but different estimated compositions for WPC primitive olivines. Liquid composition is 
estimated by solving the line equation of olivine accumulation trends for the element in question 
by inserting an estimated original liquid content of 25.7 wt.% MgO. The only exception is CaO 
which is too mobile to form an olivine accumulation trend and is therefore estimated from a 1:1  
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Table 7 - WPC olivine contents from electron microprobe analyses and bulk rock olivine 
accumulation trends, WPC estimated liquid composition, R2 uncertainties for olivine 
accumulation trends, and methods 1 and 2 calculating DOLV/LIQ from EMP and OAT 
methods. Ni and Cr are listed in both weight percent oxide and parts per million for cross 
referencing. 
 
 Olv (EMP) Olv (OAT) WPC Liq. R2 OCL DOLV(EMP)/LIQ DOLV(OAT)/LIQ
NiO 0.42 wt.% 0.42 wt.% 0.16 wt.% 
0.84 2.68 2.71 
Ni 3269 ppm 3308 ppm 1220 ppm 
Cr2O3 0.22 wt.% N/A 0.58 wt.% 
0.95 0.38 0.27* 
Cr 1469 ppm N/A 3886 ppm 
MnO 0.10 wt.% 0.10 wt.% 0.17 wt.% 0.49 0.59 0.59 
Sc N/A 1.95 ppm 26.4 ppm 0.95 - 0.074 
V <MDL 3.8 ppm 144 ppm 0.98 - 0.026 
Ti <MDL 0.003 wt.% 0.224 wt.% 0.94 - ~0.01 
Al2O3 0.04 wt.% 0.04 wt.% 6.33 wt.% 0.92 ~0.01 ~0.01 
CaO 0.17 wt.% Altered 6.53 wt.% N/A 0.023 - 
 
Table 8 – DOLV/LIQ values for komatiites from this study (WPC) and others (Beattie, 1994; 
Beattie et al., 1991; Canil and Fedortchouk, 2001; Kareem, 2005). Methods 1 and 2, 
denoted in the superscript, use olivine electron microprobe and olivine accumulation trend 
methods, respectively. 
 
 WPC1 WPC2 Kareem’051 Kareem’052 Canil’01 Beattie’91 Beattie’94
DNi 2.68 2.71 2.00 2.04 - 1.35 - 
DCr 0.38 - 0.35 0.46 - - 0.63 
DMn 0.59 0.59 0.57 0.40 - 0.34 0.52 
DSc - 0.074 - 0.11 0.16 0.06 0.12 
DV - 0.026 - 0.01 0.16 - - 
DTi - ~0.01 - <0.01 0.06 - - 
DAl ~0.01 ~0.01 - <0.01 - - 0.01 
DCa 0.023 - - - - 0.03 - 
KDFeO-MgO 
@ 0% ox. 0.36 0.34 - 0.34 - - - 
KDFeO-MgO 




ratio of CaO:Al2O3 established for Weltevreden komatiites from analysis of olivine melt 
inclusions (Kareem, 2005). The first method for estimating primitive olivine contents uses the 
average composition of the ten most magnesian olivine electron microprobe analyses, those with 
Mg# > 92.3. The second method solves the line equation for bulk rock olivine accumulation 
trends for the element in question by inserting an estimated primitive olivine composition of 
52.08 wt.% MgO calculated by MELTS. 
Ni, Mn, and Al have the appropriate abundances and preservation in both olivine and 
bulk rock analyses to use and compare both methods. The resulting partition coefficient pairs are 
in general agreement. This indicates that both methods are generally reliable and supports the 
estimated 52.08 wt.% MgO content calculated by MELTS for primitive olivine. Identical DMn 
values of 0.59 calculated by the two supplied methods provide increased confidence given the 
uncertainty of the low R2 value of 0.49 for the MnO olivine accumulation trend line, which like 
MnO contents from olivine analyses is a broad but linear trend with reasonable average values. 
Canil (1997) proposed that because V remains immobile during alteration and 
metamorphism and V partitioning is redox-sensitive, DV could be used to estimate oxygen 
fugacity. Canil (1997) then determined the variation of DVOLV/LIQ as a function of fO2. 
DVOLV/LIQ = 0.03e(-0.547*∆NNO)  or ∆NNO = ln(DVOLV/LIQ / 0.03) / -0.547 
From this equation, a ∆NNO of +0.26 can be determined for the WPC. Using the same equation, 
Kareem (2005) found a ∆NNO of +2 elsewhere in the Weltevreden Formation (but with a lower 
R2 value for the V olivine accumulation trend indicating lower relative certainty) and Canil 
(1997) found ∆NNO values of +1 to -2 in komatiites. These estimates are in contrast to very 




Komatiitic olivines have high Cr contents relative to other terrestrial olivines (Nisbet et 
al., 1977). A DCr value of 0.38 is calculated from olivine analyses for the WPC and is more 
reliable than a value calculated from olivine accumulation trends because of the difficulty in 
separating chromite accumulation. The DCr of 0.38 calculated for the WPC is at a level consistent 
with high liquidus temperatures (Smith et al., 1980). Smith et al. (1980) also developed an 
equation to estimate DNi for komatiites. 
DNiOLV/LIQ = 111.33 / MgO – 1.71 
From this equation, a DNi of 2.62 is calculated for the WPC, equivalent to the value of ~2.7 
calculated by the methods previously outlined in this section. In terms of overall compatibility 
with olivine (DOLV/LIQ), results indicate DNi > DMn > DCr > DSc > DV ~ DCa > DTi ~ DAl. These 
results are relatively consistent with those from other komatiites (Beattie, 1994; Beattie et al., 
1991; Canil and Fedortchouk, 2001; Kareem, 2005) to which they are compared in Table 8 and 
indicate that the methods employed and compositions estimated are generally reliable. 
 In addition to DVOLV/LIQ, the FeO-MgO partition coefficient can also be used to estimate 
oxygen fugacity. 
 KDFeO-MgO = [(XOLVFeO * XLIQMgO) / (XLIQFeO * XOLVMgO)] 
Olivine accumulation trends yield 10.2 wt.% FeO in a 25.7 wt.% MgO parent magma and 7.05 
wt.% FeO in a 52.1 wt.% MgO primitive olivine. If all Fe is taken as FeO as in these figures they 
yield a KDFeO-MgO of 0.34 at 0% oxidation. At 11% oxidation, which has been given as equivalent 
to QFM for komatiites (Nisbet et al., 1993) a KDFeO-MgO of 0.38 is calculated for the WPC. 
According to MELTS modeling QFM and NNO correspond to approximately 13 and 18% 
oxidation at WPC parent magma composition and temperature, which correspond to KDFeO-MgO 
values of 0.39 and 0.42 respectively. Experimentally determined KDFeO-MgO values range from 
0.34 to 0.37 (Bickle et al., 1977) indicating an oxidation state at or somewhat below QFM, rather 
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than NNO as indicated by DVOLV/LIQ. It is also possible to calculate KDFeO-MgO values using 
olivine microprobe analyses, which included an average of 51.0 wt.% MgO and 7.36 wt.% FeO 
in ten high Mg# core analyses. This method results in slightly higher KDFeO-MgO values of 0.36 at 
0% oxidation and 0.41 at 11% oxidation which would support a lower maximum oxidation state 
based on experimentally determined KDFeO-MgO values (Bickle et al., 1977). However, the likely 
subsolidus reequilibration and resulting MgO for FeO exchange in preserved olivine cores makes 
the microprobe method for calculating partition coefficients likely to overestimate KDFeO-MgO 
values. In comparison to the partition coefficient calculations of Kareem (2005) for komatiites 
elsewhere in the Weltevreden Formation, KDFeO-MgO values calculated for the WPC are identical 
(both 0.37 at 10% oxidation), but are in better agreement with DVOLV/LIQ values in the WPC 
(equivalent to NNO in the WPC, ∆NNO +2 in Kareem (2005)). Thus, oxygen fugacity in the 
WPC is probably in the range of QFM, perhaps as high as NNO, and is similar to Kareem’s final 
estimate of QFM. 
HIGH PRESSURE FRACTIONATION 
 Incompatible element ratios, for example Al2O3/TiO2 and Gd/Yb, in komatiites and 
komatiitic minerals are typically explained by the melting of deep mantle material in plumes 
(Campbell et al., 1989; Nisbet et al., 1993; Ohtani et al., 1989) to produce three different 
geochemical groups of komatiites: Al-undepleted, Al-depleted, and Al-enriched. By determining 
which group or groups WPC komatiites belong to and what specific geochemical ranges they 
exhibit one can explore how WPC komatiitic flows relate to one another and to other BGB 
komatiitic flows. 
Al2O3/TiO2 (in bulk rock, orthopyroxene, pigeonite, and augite analyses), Cr#s (in 
chromite analyses), and HREE ratios (in ICP-MS bulk rock analyses) are given in Table 9. This  
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Table 9 - General ranges of rock and mineral composition for Al-depleted, Al-undepleted, 
and Al-enriched BGB komatiitic flows from Byerly (1999),  Kareem (2005), this study (with 
WP7 given separately), and a proposed new range for Al-undepleted BGB komatiitic flows 
revised to include the dataset of this study and Kareem (2005). * - Does not include 
scattered low Cr#s in chromites from the bodies of the WP 2 and WP 3e flows, which are 
interpreted to have exchanged Cr to augites. 
 










Al-depleted 5-15 1.3 – 1.5 ~4  3 – 6 85 - 90 
Al-undepleted 20-30 0.8 – 1.2 ~16  12 – 18 80 - 85 
Al-enriched 40-90  ~60  ~27 50 - 75 
KK (2005) 26 – 33 0.80 – 0.96 14 + 12 – 32 10 – 20 80 – 86 
WP 1 – 4 & 9 24 – 34 0.85 – 1.07 14 – 27 11 – 22 11 – 20 82* – 87 
WP 7 18 – 26 1.1 – 1.16 N/A 9 7 - 10 85 - 87 
New Al-undep. 18 - 34 0.8 – 1.2 14 - 27 9 - 22 7 - 20 80 - 87 
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includes komatiite types given by Byerly (1999) for a BGB dataset prior to studies of the 
Weltevreden Formation, general compositional ranges for WPC komatiites (with WP 7 given 
separately), and previously studied Weltevreden Formation komatiites (Kareem, 2005). The first 
point to be taken from Table 9 is that the ranges of these Al2O3/TiO2 and related geochemical 
indicators are very similar between the previously studied Weltevreden komatiites (Kareem, 
2005) and most WPC komatiites (WP 1 – 4 & 9). The second point to be taken from Table 9 is 
that both of these series of komatiites generally fall within the ranges for Al-undepleted 
komatiites given by Byerly (1999), albeit with slightly higher maximum bulk rock Al2O3/TiO2 
and chromite Cr#s. Because the dataset in Byerly (1999) included a limited number of Al-
undepleted komatiitic flows it is likely to give somewhat narrow compositional ranges for Al-
undepleted komatiites and the ranges for Weltevreden and WPC komatiites clearly and 
consistently fall either within or closest to the Al-undepleted range. 
A third point to be taken from Table 9 is that WP 7 komatiites and komatiitic basalts 
consistently exhibit a distinct compositional range with respect to Al2O3/TiO2 and related 
geochemical indicators. WP 7 komatiites and komatiitic basalts are also of the Al-undepleted 
type but they occupy a lower Al2O3/TiO2 spectrum of the Al-undepleted compositional range 
with minimal overlap with other WPC komatiites. This distinct range is not simply the product of 
the presence of komatiitic basalt analyses in WP 7, as all WP 7 mineral analyses are taken from 
the lower WP 7 massive komatiitic flow which has bulk rock Al2O3/TiO2 of 20.9. The distinct 
geochemical signature of WP 7 komatiites and komatiitic basalts is important because it 
indicates that WPC komatiitic flows do not represent a single homogeneous intrusive or eruptive 
event, but rather a complex komatiitic eruptive field including occasional eruptions with distinct 
compositions. Also, since the data set from this study and Kareem (2005) greatly expands the 
diversity of Al-undepleted komatiite analyses relative to those available in Byerly (1999), 
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including analyses of fresh pigeonite which were not previously recorded, it is possible to update 
the known compositional ranges of BGB Al-undepleted komatiites. These proposed new 
compositional ranges for BGB Al-undepleted komatiites are given in the final row of Table 9. 
The determination of general ranges for Al2O3/TiO2 and related geochemical indicators 
for WPC komatiitic flows also allows comparison to the interbedded WPC komatiitic tuffs. 
Thompson (in progress) has identified both Al-depleted and Al-undepleted WPC komatiitic tuffs. 
Al-undepleted WPC komatiitic tuffs include both some with bulk rock Al2O3/TiO2 of ~30 similar 
to most WPC komatiites and some with Al2O3/TiO2 of ~20 similar to WP 7 komatiites and 
komatiitic basalts. This data both further reinforces the theme that the WPC is a complex 
eruptive field and may allow further detailed correlations in future studies of Weltevreden units 
such as the Sawmill and Emmenes Ultramafic Complexes, perhaps resulting in a more complete 
regional cross section of the Weltevreden Formation. 
ALTERNATE PETROGENETIC MODELS 
Komatiitic melts are generally thought to form through dry melting of the mantle in deep 
high-temperature plumes (Nisbet et al., 1993). However, various authors have proposed alternate 
petrogenetic models for komatiites (Parman and Grove, 2004; Wilson, 2003). The role of 
volatiles and magmatic water in komatiites is highly controversial and summaries of this debate 
are available (Arndt et al., 1998). Most komatiites, including WPC komatiites, lack degassing 
textures and structures, but this may simply be due to the low viscosity of komatiites relative to 
other igneous rocks. Geochemical evidence for and against volatiles in komatiites is mixed. 
Parman and Grove (2004) propose a petrogenetic model where Komati and Hooggenoeg 
Formation komatiites and komatiitic basalts were produced in an Archean subduction zone by 
hydrous melting and emplaced as intrusions at approximately 2 kb pressure with approximately 6 
wt.% H2O. To briefly test such a scenario, a WPC MELTS test run was conducted under these 
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conditions. As Parman and Grove (2004) note, H2O inhibits pigeonite crystallization. In the 
MELTS test run, pigeonite did not crystallize and orthopyroxene crystallized very late in the 
cooling process at Mg# 38. Augite Mg#s were elevated, but only to 80.5. Additional MELTS 
runs were also conducted at 2 kb pressure with 3 wt.% H2O and with a dry melt. Only the dry 
melt produced pigeonite and high Mg# orthopyroxene. This would seem to indicate that a 
substantially hydrous model for the petrogenesis of BGB komatiites cannot be extended to the 
Mendon Formation, Weltevreden Formation, or WPC, all of which include pigeonites and 
orthopyroxenes with Mg# greater than 85. In addition, Parman and Grove (2004) interpreted 
high augite Wo contents as evidence of hydrous crystallization and interpreted core-rim 
decreases in Wo content as suggesting late-stage dehydration of the magma. In the WPC, augites 
also have high Wo contents, but these Wo contents increase from core-rim, particularly in 
massive cumulate komatiites, which is inconsistent with hydrous crystallization. Several 
additional variables might explain high Wo contents with WPC augites which Parman and Grove 
(2004) did not discuss when interpreting Komati Formation augites. The WPC MELTS 
crystallization model showed that inhibiting plagioclase crystallization increases augite Wo 
contents by as much as +0.05. In addition, correcting for non-quadrilateral components can 
greatly decrease Wo contents (by approximately -0.05 in the WPC). 
While it is difficult to disprove the possibility that WPC komatiitic liquids could have 
been generated in a subduction zone environment, they lack the extremely Al-depleted or Al-
enriched bulk rock geochemistry and extremely high bulk rock MgO contents which have 
previously served as grounds for such an interpretation in the Commondale Greenstone Belt 
(Wilson, 2003; Wilson et al., 2003) and they have no textural or geochemical evidence of the 
hydrous crystallization that would be characteristic of subduction zone volcanism. Zoning of Wo 
in augites is inconsistent with a dehydrating magma and indicates that other variables increase 
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Wo from core to rim. High Wo contents in WPC augites are better explained by incorporation of 
non-quadrilateral components and inhibition of plagioclase crystallization than by hydrous 
crystallization. 
COMPARISON TO OTHER BGB KOMATIITES 
 In comparison to other komatiites of the Barberton Greenstone Belt (BGB), the WPC 
komatiites are most similar to the nearby Weltevreden Formation komatiites of Kareem (2005). 
Both are distinct compared to the Mendon Formation komatiites of Byerly (1999) which are of a 
similar age but are Al-depleted and Al-enriched komatiites and are separated by the major 
Inyoka Fault from the Weltevreden Formation and WPC. The Weltevreden Formation komatiites 
of Kareem (2005) seem to have been the most mafic with olivine Mg#s up to 95.6 as opposed to 
92.9 in the WPC. However, because of their proximity, common stratigraphic position (top of the 
Onverwacht, below the Fig Tree), common structural position (north of the Inyoka fault), and 
similar mantle fractionation geochemistry, the WPC is assigned as a unit of the Weltevreden 
Formation. The more Mg-rich nature of the Weltevreden Formation flows of Kareem (2005) and 
the greater layering and lithologic variability in the WPC can be explained by potential 
heterogeneities in the regional magmatic source and/or differences in the surface cooling history. 
 In addition to the Weltevreden Formation and WPC unit, many additional komatiite and 
komatiitic basalt sequences occur in the Onverwacht Group of the BGB (Byerly, 1999; Lowe 
and Byerly, 1999). A graph of bulk rock Al2O3/TiO2 (Figure 29) compares the mantle source 
geochemistry of WPC, WP 7, other Weltevreden (Kareem, 2005), Mendon, Kromberg 
Formation, Hooggenoeg Formation, Komati Formation, and other Onverwacht Group komatiites 
and komatiitic basalts. An included histogram illustrates the distribution of Al2O3/TiO2 in the 
Onverwacht Group and shows frequency peaks at 10 - 12 for Komati and Mendon Formation Al- 
depleted komatiites and ~32 for WPC and other Weltevreden Al-undepleted komatiites. From 
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Figure 29 – Bulk rock Al2O3/TiO2 ratios for BGB komatiites and komatiitic basalts after
Byerly (1999) illustrating the similar Al2O3/TiO2 ratios of WPC and previously studied
Weltevreden Formation (Kareem, 2005) komatiites. A histogram for samples included in
this diagram illustrates the frequencies of differing Al2O3/TiO2 ratios in the BGB.
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the base of the Onverwacht Group, the komatiites present are as follows: The Sandspruit 
Formation contains abundant extremely Al-depleted komatiites with Al2O3/TiO2 near 8 (Jahn et 
al., 1982; Viljoen and Viljoen, 1969a). The Theespruit Formation contains abundant Al-depleted 
komatiites and two Al-enriched komatiitic basalts (Jahn et al., 1982; Lowe and Byerly, 1999; 
Viljoen and Viljoen, 1969a). The Komati Formation (Viljoen and Viljoen, 1969a, b) consists of 
Al-depleted komatiites with minor Al-undepleted komatiites (Smith and Erlank, 1982; Smith et 
al., 1980) and a single Al-enriched flow reported (Jahn et al., 1982). The Hooggenoeg Formation 
(Lowe and Byerly, 1999) contains Al-undepleted komatiites with Al2O3/TiO2 near 25 (Byerly, 
1999; Williams and Furnell, 1979). The Kromberg Formation contains minor Al-depleted and 
rare Al-undepleted komatiites interbedded with tholeiites (Ransom et al., 1999; Vennemann and 
Smith, 1999). Finally, the Mendon Formation has both Al-depleted and Al-enriched komatiitic 




 The komatiites of the Pioneer Ultramafic Complex (WPC) were initially described as 
intrusive rocks separated by slaty shear zones (Anhaeusser, 1985; Wuth, 1980). However, the 
recent reinterpretation of these ‘shear zones’ as layers of komatiitic tuff (Thompson, in progress), 
the abundance of pyroxene spinifex, a stratigraphically consistent up direction (from tuffs, 
pyroxene spinifex tops, and olivine cumulate bases), normal komatiite crystal sizes and volcanic 
textures, and lack of cross cutting relationships indicate that the WPC komatiites were extrusive 
flows. An alternative petrogenetic model wherein BGB komatiites were produced by hydrous 
melting in a subduction zone and crystallized at depth with high H2O content (Parman and 
Grove, 2004) cannot directly apply to the WPC because the presence of pigeonite and high Mg# 
orthopyroxene in WPC komatiites would have been inhibited by hydrous crystallization.  
 Overall, the style and variation of layering in the WPC komatiites is unique. The WPC 
massive komatiite flows (WP 1 and 4) are relatively homogeneous fresh olivine bearing rocks 
with textures dominated by olivine from their bases to their tops. In these flows, pyroxenes vary 
from small interstitial grains to slightly larger interstitial grains from top to base. Texturally, 
these flows differ from those of the Mendon Formation, Komati Formation, and elsewhere in the 
Weltevreden Formation mainly in that they do not develop olivine spinifex flow tops. The WPC 
layered komatiitic flows (WP 2, 3, and particularly 3e), however, are highly differentiated. WP 
3e has a dunitic base with small interstitial pyroxenes and/or glass. In the body of the flow, large 
poikilitic pyroxenes appear and transition from poikilitic to blocky, subelongate, and finally 
spinifex forms toward the top of the flow. These layered and spinifex topped komatiitic flows are 
interpreted to represent ponded lavas and exhibit greater variability in their mineral chemistry, 
probably due to slower cooling, earlier trapping of fluids, and greater late-stage disequilibrium in 
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trapped fluids. The WP 6 – 8 flows are predominately typical komatiitic basalts dominated by 
pyroxene spinifex. WP 9, with 193 m of relatively homogeneous peridotitic komatiite, further 
emphasizes the variable lithologic character of the WPC komatiites. Finally, the presence of the 
interbedded komatiitic tuffs is a unique characteristic of the WPC komatiites, and may be 
partially responsible for the particularly unique character of the WP 1 – 4 komatiites which are 
interbedded with the thickest komatiitic tuffs. 
 The WPC komatiites are Al-undepleted komatiites with ranges of bulk rock and mineral 
Al2O3/TiO2 and related geochemical indicators very similar to the nearby Weltevreden 
Formation komatiites of Kareem (2005), but unlike the age-equivalent Mendon Formation 
komatiites of Byerly (1999). The WPC komatiites are assigned as a unit of the Weltevreden 
Formation. However, WPC lavas erupted at lower temperatures (1542°C vs. 1660°C) and 
produced more complex and variable flows than the Weltevreden Formation komatiites 
previously studied by Kareem (2005). 
 While WPC olivines are less magnesian than those previously studied in the Weltevreden 
Formation (Kareem, 2005) and WPC orthopyroxenes are comparably magnesian, WPC 
pigeonites and augites are unusually magnesian, with Mg#s up to 87.9 and 90.2 respectively, 
among the most highly magnesian komatiitic clinopyroxenes on record. These highly magnesian 
clinopyroxenes coupled with less magnesian komatiitic olivines and orthopyroxenes indicate 
some form of late-stage disequilibrium or metastable crystallization, as was observed by 
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APPENDIX A: EMPA UNCERTAINTY AND RESULTS 
This appendix includes standards, error calibrations, and results for WPC electron 
microprobe analyses conducted at LSU. Smithsonian and LSU electron microprobe standards are 
given in the first subsection. Means, standard deviations, and minimum detection levels from 
analyses of standards as unknowns by electron microprobe from this study, Kareem (2005), and 
Barnes (1998) along with standard values for standards are given in the second subsection. Full 
data tables for WPC electron microprobe mineral analyses are given in the third subsection. 
 
EMPA STANDARDS 
Olivine - Si: San Carlos Olivine, Ti: Kakanui Hornblende, Al: Kakanui Hornblende, Cr: 
Smithsonian Chromite, Fe: San Carlos Olivine, Mn: Smithsonian Ilmenite, Ni: Nickel Doped 
Diopside Glass (GL37), Mg: San Carlos Olivine, Ca: Kakanui Hornblende, Na: Kakanui 
Hornblende, K: Kakanui Hornblende, V: Vanadium Doped Diopside Glass (GL39). 
Chromite - Si: Johnstown Hypersthene, Ti: Kakanui Hornblende, Al: Smithsonian 
Chromite, Cr: Smithsonian Chromite, Fe: Smithsonian Ilmenite, Mn: Smithsonian Ilmenite, Ni: 
Nickel Doped Diopside Glass (GL37), Mg: Smithsonian Chromite, Ca: Kakanui Augite, V: 
Vanadium Doped Diopside Glass (GL39). 
Pyroxene - Si: Johnstown Hypersthene, Ti: Kakanui Hornblende, Al: Kakanui 
Hornblende, Cr: Smithsonian Chromite, Fe: Johnstown Hypersthene, Mn: Toronto Rhodonite, 
Ni: Nickel Doped Diopside Glass (GL37), Mg: Johnstown Hypersthene, Ca: Kakanui Augite, 




Table 10 – Means, standard deviations, and minimum detection levels from analyses of standards as unknowns by electron 
microprobe from Cooper (this study), Kareem (2005), and Barnes (1998) along with standard values of standards. 
 
Std San Carlos Olivine Smithsonian Chromite Johnston Hypersthene 


























SiO2 40.698 0.284 40.580 0.430 40.810 0.145 0.107 0.080 0.100 0.160 0.100 - 54.203 0.403 53.960 
Al2O3 0.038 0.012 0.050 0.030 - 9.902 0.117 9.880 0.100 9.910 0.290 9.920 1.061 0.063 1.000 
FeO 9.481 0.280 9.530 0.200 9.550 13.064 0.334 13.370 0.250 13.060 0.210 13.040 14.924 0.433 15.220 
MgO 49.468 0.299 49.270 0.350 49.420 15.164 0.140 15.230 0.130 15.160 0.023 15.200 27.235 0.206 27.500 
CaO 0.097 0.017 0.090 0.010 - 0.014 0.023 0.010 0.010 - - - 1.254 0.063 1.220 
Na2O 0.018 0.016 0.010 0.020 - - - 0.030 0.030 - - - 0.013 0.015 0.010 
K2O 0.007 0.006 0.010 0.010 - - - 0.020 0.030 - - - 0.006 0.006 0.010 
TiO2 0.010 0.010 0.010 0.010 - 0.116 0.013 0.120 0.020 0.110 0.010 - 0.098 0.015 0.120 
MnO 0.126 0.052 0.120 0.050 0.140 0.195 0.049 0.040 0.050 0.110 0.030 0.110 0.468 0.038 0.460 
NiO 0.388 0.035 0.370 0.070 0.370 0.190 0.024 0.210 0.140 0.143 0.022 - 0.014 0.013 - 
Cr2O3 0.033 0.040 0.020 0.030 - 60.463 0.954 60.790 1.340 60.400 0.700 60.500 0.678 0.093 0.750 
V2O5 0.005 0.007 0.010 0.010 - 0.107 0.013 0.110 0.020 0.097 0.021 - - - - 
Total 100.371  100.070  100.290 99.357  99.890  99.150  98.770 99.954  100.250 
                
Std Kakanui Hornblende Kakanui Augite Min Olv Olv Chr Chr Pyx Pyx 













Dev Values Type MDL MDL MDL MDL MDL MDL 
SiO2 39.971 0.378 39.690 0.420 40.370 49.480 0.310 50.730 SiO2 0.033 0.021 0.034 0.007 0.035 0.015 
Al2O3 14.951 0.222 14.980 0.220 14.900 8.650 0.150 8.730 Al2O3 0.022 0.010 0.029 0.012 0.024 0.013 
FeO 10.574 0.303 10.770 0.290 10.920 6.460 0.120 6.340 FeO 0.049 0.070 0.075 0.059 0.067 0.051 
MgO 12.778 0.174 12.830 0.130 12.800 16.590 0.120 16.650 MgO 0.036 0.047 0.036 0.019 0.044 0.022 
CaO 9.992 0.197 10.060 0.340 10.300 16.070 0.490 15.820 CaO 0.052 0.018 0.020 0.005 0.024 0.019 
Na2O 2.566 0.044 2.640 0.070 2.600 1.360 0.050 1.270 Na2O 0.032 0.012 - 0.002 0.029 0.010 
K2O 2.014 0.032 1.850 0.170 2.050 0.010 0.010 - K2O 0.016 0.005 - 0.001 0.016 0.004 
TiO2 4.819 0.057 4.650 0.130 4.720 0.800 0.040 0.740 TiO2 0.031 0.006 0.027 0.010 0.028 0.009 
MnO 0.081 0.024 0.090 0.040 0.090 0.140 0.020 0.130 MnO 0.071 0.015 0.059 0.014 0.061 0.020 
NiO 0.015 0.016 0.020 0.020 - 0.040 0.020 - NiO 0.059 0.028 0.055 0.012 0.055 0.110 
Cr2O3 0.009 0.010 0.010 0.020 - 0.140 0.050 - Cr2O3 0.100 0.028 0.084 0.071 0.072 0.029 
V2O5 - - 0.320 0.030 - 0.090 0.010 - V2O5 0.031 0.001 0.027 0.006 - 0.002 




Table 11 – Chemical compositions of olivines from the WPC komatiites. Number of ions based on four oxygens. 
 
Sample MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-3 MC 6-3
Flow WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1U WP 1U
Crystal 47 47 42 42 44 40 36 40 36 44 44 36 109 101
               
SiO2 41.06 40.92 41.16 40.99 41.15 40.86 40.84 41.10 41.20 40.82 40.81 40.97 41.19 41.06
Al2O3 0.04 0.06 0.04 0.04 0.05 0.05 0.07 0.05 0.04 0.04 0.05 0.03 0.04 0.06
FeO 7.56 7.93 7.98 8.02 8.10 8.15 8.24 8.44 8.53 8.68 8.77 8.87 8.04 8.07
MgO 51.23 51.17 51.08 51.13 50.99 50.87 51.01 50.81 50.78 50.17 50.25 50.33 50.91 50.71
CaO 0.16 0.16 0.19 0.18 0.15 0.15 0.19 0.16 0.17 0.23 0.17 0.16 0.15 0.15
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K2O 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.08 0.11 0.15 0.12 0.13 0.10 0.13 0.15 0.10 0.15 0.12 0.17 0.11 0.10
NiO 0.40 0.40 0.41 0.39 0.40 0.41 0.35 0.44 0.39 0.36 0.40 0.39 0.39 0.36
Cr2O3 0.18 0.17 0.15 0.20 0.11 0.16 0.08 0.09 0.13 0.08 0.17 0.09 0.14 0.12
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.71 100.91 101.15 101.08 101.08 100.75 100.90 101.23 101.35 100.54 100.72 101.01 100.97 100.64
               
Si 0.991 0.988 0.992 0.989 0.992 0.989 0.988 0.991 0.992 0.992 0.991 0.992 0.994 0.994
Al 0.001 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.002
Fe2+ 0.153 0.160 0.161 0.162 0.163 0.165 0.167 0.170 0.172 0.176 0.178 0.180 0.162 0.163
Mg 1.844 1.842 1.834 1.839 1.833 1.836 1.839 1.827 1.824 1.818 1.819 1.817 1.831 1.830
Ca 0.004 0.004 0.005 0.005 0.004 0.004 0.005 0.004 0.004 0.006 0.004 0.004 0.004 0.004
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.002 0.003 0.002 0.003 0.002 0.003 0.003 0.002 0.003 0.002 0.003 0.002 0.002
Ni 0.008 0.008 0.008 0.007 0.008 0.008 0.007 0.008 0.008 0.007 0.008 0.008 0.008 0.007
Cr 0.003 0.003 0.003 0.004 0.002 0.003 0.001 0.002 0.003 0.002 0.003 0.002 0.003 0.002
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fo% 91.57 91.21 91.09 91.09 91.08 90.98 90.97 90.69 90.64 90.35 90.28 90.24 91.12 91.10




Table 11 cont. 
 
Sample MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-3
Flow WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4U
Crystal 99 103 101 109 97 103 99 117 119 121 123 121 117 63
               
SiO2 41.12 40.86 40.68 41.13 40.88 41.06 41.17 41.35 41.44 41.41 41.33 41.02 40.89 40.92
Al2O3 0.07 0.05 0.05 0.07 0.04 0.06 0.06 0.04 0.05 0.06 0.05 0.07 0.06 0.03
FeO 8.07 8.09 8.23 8.19 8.26 8.28 8.86 7.02 7.20 7.33 7.88 8.13 8.37 7.38
MgO 50.60 50.41 50.79 50.43 50.79 50.21 50.40 51.48 51.39 51.30 50.44 50.93 50.31 50.49
CaO 0.13 0.15 0.16 0.17 0.16 0.17 0.18 0.16 0.12 0.16 0.15 0.15 0.17 0.16
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.08 0.10 0.14 0.12 0.11 0.10 0.12 0.07 0.11 0.10 0.10 0.07 0.08 0.09
NiO 0.35 0.34 0.33 0.42 0.43 0.41 0.41 0.41 0.45 0.41 0.43 0.44 0.44 0.27
Cr2O3 0.15 0.15 0.07 0.16 0.12 0.14 0.12 0.28 0.21 0.17 0.15 0.20 0.15 0.20
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.57 100.14 100.45 100.69 100.80 100.41 101.32 100.81 100.96 100.94 100.53 101.01 100.48 99.55
               
Si 0.996 0.994 0.988 0.996 0.990 0.997 0.994 0.995 0.996 0.996 1.000 0.990 0.993 0.998
Al 0.002 0.001 0.001 0.002 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.002 0.002 0.001
Fe2+ 0.163 0.165 0.167 0.166 0.167 0.168 0.179 0.141 0.145 0.147 0.159 0.164 0.170 0.150
Mg 1.826 1.828 1.839 1.820 1.833 1.817 1.813 1.846 1.841 1.839 1.820 1.833 1.822 1.835
Ca 0.003 0.004 0.004 0.004 0.004 0.004 0.005 0.004 0.003 0.004 0.004 0.004 0.004 0.004
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Ni 0.007 0.007 0.006 0.008 0.008 0.008 0.008 0.008 0.009 0.008 0.008 0.009 0.009 0.005
Cr 0.003 0.003 0.001 0.003 0.002 0.003 0.002 0.005 0.004 0.003 0.003 0.004 0.003 0.004
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fo% 91.11 91.04 90.99 90.82 90.86 90.76 90.23 92.02 91.88 91.78 91.15 90.97 90.66 91.71




Table 11 cont. 
 
Sample MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 SA 700-4 SA 700-4
Flow WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 7L WP 7L
Crystal 61 63 54 52 55 61 60 58 53 55 55 91 91
              
SiO2 41.02 41.14 41.15 41.13 40.80 41.19 41.04 40.95 41.16 41.17 41.04 40.83 40.90
Al2O3 0.04 0.05 0.04 0.04 0.03 0.03 0.04 0.05 0.04 0.04 0.06 0.05 0.04
FeO 7.44 7.59 7.70 7.78 7.84 7.85 7.83 7.81 8.00 8.20 8.24 7.11 7.56
MgO 50.85 50.72 51.00 51.10 51.18 51.24 50.84 50.58 50.93 50.68 50.74 51.08 51.32
CaO 0.16 0.10 0.16 0.17 0.13 0.15 0.16 0.13 0.13 0.13 0.18 0.17 0.17
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.05 0.00 0.00
K2O 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.11 0.07 0.05 0.09 0.11 0.05 0.08 0.14 0.10 0.11 0.08 0.08 0.12
NiO 0.46 0.28 0.29 0.28 0.24 0.27 0.22 0.30 0.22 0.22 0.31 0.48 0.47
Cr2O3 0.20 0.25 0.18 0.16 0.14 0.19 0.18 0.19 0.21 0.16 0.20 0.26 0.23
V2O5 0.09 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
Total 100.36 100.24 100.56 100.75 100.47 100.98 100.38 100.16 100.78 100.79 100.90 100.06 100.81
              
Si 0.994 0.997 0.995 0.993 0.989 0.992 0.994 0.995 0.994 0.995 0.992 0.991 0.988
Al 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.001 0.001
Fe2+ 0.151 0.154 0.156 0.157 0.159 0.158 0.159 0.159 0.162 0.166 0.167 0.144 0.153
Mg 1.836 1.832 1.838 1.839 1.849 1.840 1.836 1.832 1.833 1.826 1.828 1.848 1.848
Ca 0.004 0.003 0.004 0.004 0.003 0.004 0.004 0.003 0.003 0.003 0.005 0.004 0.004
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.001 0.001 0.002 0.002 0.001 0.002 0.003 0.002 0.002 0.002 0.002 0.002
Ni 0.009 0.006 0.006 0.005 0.005 0.005 0.004 0.006 0.004 0.004 0.006 0.009 0.009
Cr 0.004 0.005 0.003 0.003 0.003 0.004 0.003 0.004 0.004 0.003 0.004 0.005 0.004
V 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Fo% 91.53 91.59 91.54 91.46 91.49 91.46 91.43 91.30 91.28 91.08 90.91 91.81 91.44




Table 11 cont. 
 
Sample SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 Average Minimum
Flow WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L Detection
Crystal 91 89 94 86 84 84 87 87 89 Levels
            
SiO2 40.72 40.51 40.77 41.43 40.87 41.16 41.20 41.19 40.75 41.00 0.03
Al2O3 0.07 0.03 0.03 0.04 0.05 0.06 0.05 0.04 0.05 0.04 0.02
FeO 7.50 7.48 7.66 7.79 7.70 7.85 7.93 7.98 8.12 7.75 0.05
MgO 50.58 50.41 50.50 51.07 50.38 50.74 50.96 50.75 50.48 50.81 0.04
CaO 0.24 0.20 0.19 0.20 0.20 0.21 0.20 0.20 0.20 0.17 0.05
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
MnO 0.13 0.10 0.13 0.11 0.11 0.10 0.12 0.11 0.10 0.10 0.07
NiO 0.42 0.40 0.43 0.45 0.46 0.38 0.48 0.46 0.45 0.36 0.06
Cr2O3 0.26 0.16 0.16 0.20 0.15 0.18 0.16 0.20 0.21 0.19 0.10
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
Total 99.91 99.29 99.87 101.29 99.92 100.66 101.10 100.93 100.36 100.44  
            
Si 0.992 0.992 0.994 0.995 0.995 0.995 0.993 0.994 0.991 0.993  
Al 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.001  
Fe2+ 0.153 0.153 0.156 0.157 0.157 0.159 0.160 0.161 0.165 0.157  
Mg 1.836 1.841 1.835 1.829 1.829 1.829 1.831 1.826 1.829 1.835  
Ca 0.006 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.004  
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
Mn 0.003 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002  
Ni 0.008 0.008 0.008 0.009 0.009 0.007 0.009 0.009 0.009 0.007  
Cr 0.005 0.003 0.003 0.004 0.003 0.003 0.003 0.004 0.004 0.004  
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
Fo% 91.31 91.47 91.28 91.21 91.21 91.19 91.05 90.97 90.81 91.33  




Table 12 – Chemical compositions of chromites from the WPC komatiites. Number of ions based on four oxygens. 
 
Sample MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3
Flow WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U
Crystal 67 64 65 72 68 71 70 216 230 293 295 300 216
    
SiO2 0.10 0.16 0.12 0.08 0.13 0.08 0.12 0.08 0.10 0.10 0.15 0.06 0.09
TiO2 0.17 0.16 0.16 0.17 0.13 0.15 0.17 0.19 0.17 0.16 0.18 0.19 0.17
Al2O3 7.61 8.16 7.89 7.93 7.83 8.03 7.87 7.89 8.17 8.00 7.79 7.98 7.94
Cr2O3 57.67 59.08 58.66 58.72 58.99 58.84 59.53 57.05 57.24 56.99 57.01 57.80 58.10
FeO 17.25 12.92 17.69 16.64 17.90 15.29 16.27 18.03 16.77 18.47 18.85 17.58 17.91
Fe2O3 5.51 4.82 5.13 4.78 5.05 4.48 4.79 6.34 5.49 4.97 5.11 5.07 5.17
MnO 0.28 0.20 0.17 0.20 0.26 0.29 0.22 0.25 0.26 0.27 0.20 0.30 0.25
NiO 0.11 0.19 0.15 0.14 0.15 0.13 0.11 0.14 0.11 0.15 0.13 0.15 0.11
MgO 9.99 12.95 10.12 10.71 9.97 11.38 11.09 9.81 10.46 9.23 9.00 9.92 9.86
CaO 0.12 0.00 0.03 0.00 0.00 0.00 0.03 0.08 0.06 0.03 0.09 0.04 0.05
V2O5 0.07 0.09 0.07 0.10 0.06 0.08 0.09 0.10 0.10 0.10 0.09 0.07 0.08
Total 98.88 98.73 100.19 99.47 100.48 98.76 100.29 99.97 98.91 98.48 98.60 99.15 99.75
    
Ti 0.004 0.004 0.004 0.004 0.003 0.004 0.004 0.005 0.004 0.004 0.005 0.005 0.004
Al 0.303 0.319 0.310 0.312 0.308 0.317 0.307 0.312 0.324 0.321 0.314 0.317 0.314
Cr 1.543 1.547 1.548 1.552 1.555 1.557 1.559 1.512 1.522 1.536 1.539 1.540 1.541
Fe2+ 0.488 0.358 0.494 0.465 0.499 0.428 0.451 0.505 0.472 0.527 0.538 0.496 0.503
Fe3+ 0.140 0.120 0.129 0.120 0.127 0.113 0.119 0.160 0.139 0.128 0.131 0.129 0.131
Mn 0.008 0.006 0.005 0.006 0.007 0.008 0.006 0.007 0.007 0.008 0.006 0.009 0.007
Ni 0.003 0.005 0.004 0.004 0.004 0.004 0.003 0.004 0.003 0.004 0.004 0.004 0.003
Mg 0.504 0.639 0.504 0.534 0.496 0.568 0.548 0.490 0.524 0.469 0.458 0.498 0.493
Ca 0.004 0.000 0.001 0.000 0.000 0.000 0.001 0.003 0.002 0.001 0.003 0.001 0.002
V 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
    
Cr/(Cr+Al+Fe3+) 0.777 0.779 0.779 0.782 0.782 0.784 0.785 0.762 0.767 0.774 0.776 0.776 0.776
Al/(Cr+Al+Fe3+) 0.153 0.160 0.156 0.157 0.155 0.159 0.155 0.157 0.163 0.162 0.158 0.160 0.158
Fe3+/(Cr+Al+Fe3+) 0.071 0.061 0.065 0.061 0.064 0.057 0.060 0.081 0.070 0.064 0.066 0.065 0.066
Cr# 83.56 82.93 83.30 83.24 83.48 83.10 83.54 82.91 82.46 82.70 83.08 82.93 83.08
Mg# 50.80 64.12 50.49 53.43 49.82 57.02 54.86 49.23 52.65 47.11 45.98 50.15 49.52




Table 12 cont. 
 
Sample MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3
Flow WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L
Crystal 223 223 295 223 293 223 223 277 273 273 278 284 282
    
SiO2 0.08 0.11 0.11 0.10 0.09 0.09 0.11 0.06 0.09 0.05 0.08 0.10 0.10
TiO2 0.17 0.17 0.16 0.17 0.21 0.18 0.17 2.21 1.19 0.89 0.30 0.31 0.59
Al2O3 7.72 8.10 7.94 7.98 7.89 7.98 7.83 7.55 8.27 7.45 7.33 7.34 6.10
Cr2O3 57.89 59.61 57.60 59.38 58.13 59.92 59.93 41.92 44.64 48.67 55.19 54.85 54.23
FeO 17.54 14.81 17.22 14.35 16.40 14.86 14.27 21.63 19.96 20.20 18.19 18.72 18.42
Fe2O3 5.31 5.11 4.73 5.17 4.70 5.07 4.35 15.20 15.70 12.45 9.24 9.00 9.12
MnO 0.37 0.40 0.35 0.32 0.35 0.23 0.39 0.41 0.37 0.33 0.38 0.38 0.32
NiO 0.13 0.15 0.08 0.19 0.15 0.13 0.11 0.30 0.29 0.16 0.17 0.16 0.14
MgO 9.94 11.98 9.95 12.14 10.59 12.05 12.11 8.24 9.00 8.59 9.79 9.38 9.20
CaO 0.05 0.05 0.05 0.00 0.03 0.04 0.03 0.00 0.02 0.00 0.04 0.00 0.13
V2O5 0.11 0.10 0.08 0.06 0.10 0.07 0.10 0.39 0.20 0.20 0.10 0.10 0.13
Total 99.30 100.59 98.25 99.86 98.63 100.61 99.39 97.91 99.75 98.99 100.82 100.33 98.47
    
Ti 0.004 0.004 0.004 0.004 0.005 0.004 0.004 0.058 0.030 0.023 0.008 0.008 0.015
Al 0.307 0.313 0.318 0.310 0.314 0.308 0.306 0.309 0.330 0.301 0.289 0.291 0.248
Cr 1.543 1.546 1.548 1.549 1.550 1.553 1.571 1.151 1.195 1.319 1.457 1.459 1.477
Fe2+ 0.494 0.406 0.489 0.396 0.463 0.407 0.395 0.628 0.565 0.579 0.508 0.527 0.531
Fe3+ 0.135 0.126 0.121 0.128 0.119 0.125 0.108 0.397 0.400 0.321 0.232 0.228 0.236
Mn 0.011 0.011 0.010 0.009 0.010 0.006 0.011 0.012 0.011 0.010 0.011 0.011 0.009
Ni 0.004 0.004 0.002 0.005 0.004 0.003 0.003 0.008 0.008 0.005 0.005 0.004 0.004
Mg 0.499 0.586 0.504 0.597 0.532 0.589 0.598 0.427 0.454 0.439 0.487 0.470 0.472
Ca 0.002 0.002 0.002 0.000 0.001 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.005
V 0.003 0.002 0.002 0.001 0.002 0.002 0.002 0.009 0.005 0.004 0.002 0.002 0.003
    
Cr/(Cr+Al+Fe3+) 0.778 0.779 0.779 0.779 0.782 0.782 0.791 0.620 0.621 0.680 0.737 0.738 0.753
Al/(Cr+Al+Fe3+) 0.155 0.158 0.160 0.156 0.158 0.155 0.154 0.166 0.171 0.155 0.146 0.147 0.126
Fe3+/(Cr+Al+Fe3+) 0.068 0.064 0.061 0.065 0.060 0.063 0.055 0.214 0.208 0.165 0.117 0.115 0.121
Cr# 83.42 83.16 82.95 83.31 83.17 83.44 83.70 78.83 78.36 81.42 83.47 83.37 85.64
Mg# 50.26 59.05 50.75 60.13 53.51 59.11 60.21 40.45 44.56 43.12 48.97 47.18 47.10




Table 12 cont. 
 
Sample MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3
Flow WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L
Crystal 286 292 276 280 270 273 288 278 290 282 291 280 288
    
SiO2 0.11 0.10 0.08 0.07 0.10 0.06 0.15 0.08 0.23 0.09 0.06 0.07 0.11
TiO2 0.85 0.20 0.33 0.18 0.20 0.25 0.20 0.15 0.17 0.19 0.19 0.18 0.16
Al2O3 5.38 8.06 5.59 7.78 7.86 5.67 7.30 6.35 7.52 6.03 6.11 7.38 7.14
Cr2O3 54.11 56.61 54.88 57.98 57.18 56.46 57.26 57.30 58.02 57.10 56.98 59.01 58.98
FeO 21.14 16.72 20.38 15.17 14.45 20.13 14.60 18.06 15.34 18.60 20.13 15.43 15.40
Fe2O3 8.71 6.40 8.90 6.65 6.15 8.87 6.63 7.94 5.62 7.50 7.01 5.69 5.92
MnO 0.40 0.25 0.31 0.34 0.27 0.39 0.29 0.37 0.29 0.27 0.35 0.22 0.23
NiO 0.11 0.06 0.15 0.16 0.14 0.08 0.16 0.13 0.15 0.12 0.07 0.16 0.19
MgO 7.62 10.52 7.86 11.62 11.69 8.32 11.45 9.56 11.10 9.09 8.09 11.45 11.28
CaO 0.00 0.10 0.00 0.04 0.17 0.02 0.24 0.03 0.17 0.04 0.10 0.00 0.14
V2O5 0.15 0.08 0.14 0.08 0.08 0.13 0.08 0.08 0.08 0.10 0.13 0.08 0.09
Total 98.57 99.10 98.62 100.07 98.29 100.38 98.35 100.04 98.69 99.13 99.22 99.68 99.65
    
Ti 0.022 0.005 0.009 0.005 0.005 0.006 0.005 0.004 0.004 0.005 0.005 0.005 0.004
Al 0.222 0.319 0.229 0.303 0.311 0.228 0.290 0.253 0.299 0.243 0.248 0.290 0.281
Cr 1.495 1.503 1.511 1.517 1.518 1.523 1.527 1.532 1.545 1.546 1.552 1.553 1.556
Fe2+ 0.618 0.470 0.593 0.420 0.406 0.574 0.412 0.511 0.432 0.533 0.580 0.430 0.430
Fe3+ 0.229 0.162 0.233 0.166 0.155 0.228 0.168 0.202 0.142 0.193 0.182 0.143 0.149
Mn 0.012 0.007 0.009 0.009 0.008 0.011 0.008 0.011 0.008 0.008 0.010 0.006 0.007
Ni 0.003 0.002 0.004 0.004 0.004 0.002 0.004 0.004 0.004 0.003 0.002 0.004 0.005
Mg 0.397 0.527 0.408 0.573 0.585 0.423 0.576 0.482 0.557 0.464 0.415 0.568 0.561
Ca 0.000 0.004 0.000 0.002 0.006 0.001 0.009 0.001 0.006 0.002 0.004 0.000 0.005
V 0.003 0.002 0.003 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.003 0.002 0.002
    
Cr/(Cr+Al+Fe3+) 0.768 0.758 0.766 0.764 0.765 0.770 0.769 0.771 0.778 0.780 0.783 0.782 0.784
Al/(Cr+Al+Fe3+) 0.114 0.161 0.116 0.153 0.157 0.115 0.146 0.127 0.150 0.123 0.125 0.146 0.141
Fe3+/(Cr+Al+Fe3+) 0.118 0.082 0.118 0.083 0.078 0.115 0.085 0.102 0.072 0.098 0.092 0.072 0.075
Cr# 87.09 82.49 86.82 83.33 82.99 86.98 84.03 85.82 83.81 86.40 86.22 84.29 84.71
Mg# 39.12 52.86 40.74 57.73 59.04 42.42 58.30 48.55 56.32 46.56 41.74 56.95 56.62




Table 12 cont. 
 
Sample MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5
Flow WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U
Crystal 549 544 552 543 10 9 547 556 555 559 558 542 551
    
SiO2 0.03 0.10 0.10 0.11 0.09 0.08 0.06 0.07 0.10 0.07 0.12 0.08 0.08
TiO2 0.91 0.18 0.98 0.29 0.54 0.18 0.33 0.26 0.27 0.28 0.30 0.23 1.63
Al2O3 10.62 10.50 8.99 11.53 8.67 9.37 8.29 10.94 10.88 10.80 10.91 10.68 4.89
Cr2O3 44.43 47.02 47.76 51.28 50.67 50.03 50.68 52.92 52.72 53.14 53.30 53.44 49.41
FeO 18.61 20.59 20.96 15.25 18.89 20.22 19.94 15.27 15.42 15.56 15.33 15.67 24.13
Fe2O3 13.98 11.69 11.74 8.39 11.28 10.60 11.16 7.53 7.44 7.62 7.17 7.59 11.15
MnO 0.26 0.31 0.22 0.25 0.24 0.24 0.29 0.21 0.28 0.20 0.22 0.16 0.45
NiO 0.18 0.16 0.13 0.13 0.13 0.11 0.17 0.16 0.11 0.12 0.16 0.14 0.12
MgO 10.15 8.19 8.48 11.80 9.71 8.45 8.65 11.84 11.60 11.70 11.81 11.70 6.18
CaO 0.00 0.05 0.02 0.29 0.00 0.03 0.00 0.19 0.21 0.27 0.17 0.19 0.08
V2O5 0.26 0.18 0.19 0.14 0.17 0.12 0.15 0.15 0.12 0.15 0.12 0.16 0.38
Total 99.43 98.97 99.56 99.46 100.39 99.44 99.71 99.53 99.13 99.90 99.62 100.04 98.49
    
Ti 0.023 0.005 0.025 0.007 0.014 0.005 0.008 0.006 0.007 0.007 0.007 0.006 0.044
Al 0.417 0.420 0.359 0.444 0.341 0.374 0.331 0.422 0.422 0.416 0.421 0.411 0.204
Cr 1.170 1.261 1.280 1.326 1.337 1.339 1.358 1.370 1.372 1.373 1.380 1.380 1.385
Fe2+ 0.518 0.584 0.594 0.417 0.527 0.572 0.565 0.418 0.425 0.425 0.420 0.428 0.715
Fe3+ 0.350 0.298 0.299 0.206 0.283 0.270 0.285 0.186 0.184 0.187 0.177 0.187 0.297
Mn 0.007 0.009 0.006 0.007 0.007 0.007 0.008 0.006 0.008 0.006 0.006 0.004 0.014
Ni 0.005 0.004 0.004 0.003 0.004 0.003 0.005 0.004 0.003 0.003 0.004 0.004 0.003
Mg 0.504 0.414 0.428 0.575 0.483 0.426 0.437 0.578 0.569 0.570 0.576 0.570 0.327
Ca 0.000 0.002 0.001 0.010 0.000 0.001 0.000 0.007 0.007 0.009 0.006 0.007 0.003
V 0.006 0.004 0.004 0.003 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.009
    
Cr/(Cr+Al+Fe3+) 0.604 0.637 0.660 0.671 0.682 0.675 0.688 0.693 0.694 0.695 0.698 0.698 0.734
Al/(Cr+Al+Fe3+) 0.215 0.212 0.185 0.225 0.174 0.189 0.168 0.213 0.213 0.210 0.213 0.208 0.108
Fe3+/(Cr+Al+Fe3+) 0.181 0.151 0.154 0.104 0.144 0.136 0.144 0.094 0.093 0.095 0.089 0.094 0.158
Cr# 73.73 75.03 78.09 74.90 79.68 78.17 80.40 76.44 76.47 76.75 76.62 77.05 87.14
Mg# 49.30 41.49 41.90 57.96 47.82 42.69 43.61 58.02 57.29 57.28 57.87 57.10 31.35




Table 12 cont. 
 
Sample MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5
Flow WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U
Crystal 549 31 10 547 557 552 561 13 32 562 14 14 545
    
SiO2 0.06 0.08 0.08 0.08 0.06 0.08 0.11 0.08 0.08 0.09 0.08 0.10 0.06
TiO2 0.44 0.14 0.41 0.28 0.25 0.30 0.24 0.30 0.27 0.24 0.33 0.24 0.20
Al2O3 8.26 8.47 7.85 7.76 9.61 7.25 9.21 6.45 6.60 9.07 7.18 6.85 6.80
Cr2O3 52.33 51.44 52.32 53.06 53.98 53.13 56.07 53.92 54.76 56.61 55.19 55.36 56.55
FeO 18.54 19.96 18.52 19.41 16.17 20.44 15.75 22.15 21.26 16.18 20.85 20.65 20.55
Fe2O3 9.95 9.81 10.07 9.97 6.92 9.59 6.28 9.38 9.02 5.77 8.05 8.39 6.82
MnO 0.26 0.30 0.23 0.29 0.27 0.24 0.23 0.37 0.25 0.22 0.31 0.35 0.26
NiO 0.14 0.09 0.16 0.10 0.11 0.11 0.15 0.06 0.12 0.13 0.14 0.07 0.09
MgO 9.71 8.39 9.58 9.01 11.02 8.21 11.40 7.07 7.74 11.13 8.06 8.14 8.03
CaO 0.00 0.00 0.00 0.03 0.05 0.00 0.11 0.00 0.00 0.10 0.00 0.00 0.00
V2O5 0.15 0.13 0.17 0.13 0.15 0.13 0.12 0.14 0.12 0.11 0.11 0.14 0.10
Total 99.85 98.80 99.39 100.12 98.60 99.48 99.68 99.91 100.22 99.67 100.29 100.27 99.47
    
Ti 0.011 0.004 0.010 0.007 0.006 0.008 0.006 0.008 0.007 0.006 0.008 0.006 0.005
Al 0.327 0.341 0.313 0.309 0.378 0.292 0.359 0.262 0.266 0.354 0.288 0.275 0.275
Cr 1.389 1.390 1.399 1.415 1.425 1.437 1.465 1.470 1.480 1.482 1.483 1.489 1.532
Fe2+ 0.521 0.571 0.524 0.548 0.452 0.585 0.435 0.639 0.608 0.448 0.592 0.587 0.589
Fe3+ 0.251 0.252 0.256 0.253 0.174 0.247 0.156 0.243 0.232 0.144 0.206 0.215 0.176
Mn 0.007 0.009 0.007 0.008 0.008 0.007 0.006 0.011 0.007 0.006 0.009 0.010 0.008
Ni 0.004 0.002 0.004 0.003 0.003 0.003 0.004 0.002 0.003 0.003 0.004 0.002 0.003
Mg 0.486 0.428 0.483 0.453 0.549 0.419 0.562 0.363 0.394 0.550 0.408 0.413 0.410
Ca 0.000 0.000 0.000 0.001 0.002 0.000 0.004 0.000 0.000 0.004 0.000 0.000 0.000
V 0.003 0.003 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.003 0.002
    
Cr/(Cr+Al+Fe3+) 0.706 0.701 0.711 0.716 0.721 0.727 0.740 0.744 0.748 0.749 0.750 0.753 0.773
Al/(Cr+Al+Fe3+) 0.166 0.172 0.159 0.156 0.191 0.148 0.181 0.133 0.134 0.179 0.146 0.139 0.139
Fe3+/(Cr+Al+Fe3+) 0.128 0.127 0.130 0.128 0.088 0.125 0.079 0.123 0.117 0.073 0.104 0.109 0.089
Cr# 80.95 80.29 81.72 82.10 79.03 83.10 80.33 84.87 84.77 80.72 83.76 84.43 84.80
Mg# 48.28 42.84 47.97 45.28 54.85 41.72 56.34 36.27 39.36 55.07 40.80 41.27 41.06




Table 12 cont. 
 
Sample MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2
Flow WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL
Crystal 327 316 316 322 327 306 320 326 327 306 318 320
   
SiO2 0.05 0.04 0.09 0.05 0.07 0.05 0.06 0.05 0.05 0.10 0.09 0.09
TiO2 0.22 0.22 0.22 0.21 0.17 0.18 0.17 0.21 0.17 0.16 0.14 0.18
Al2O3 13.32 12.53 12.46 10.59 10.22 10.14 9.70 9.58 9.88 9.64 9.45 9.55
Cr2O3 54.18 56.42 56.29 58.52 59.15 59.37 59.13 59.79 59.65 59.88 59.98 60.64
FeO 10.96 10.58 10.64 10.67 11.78 11.56 12.87 11.37 11.39 11.95 12.23 13.59
Fe2O3 4.54 4.69 4.60 4.19 3.16 2.99 3.07 3.34 2.71 3.24 2.90 2.45
MnO 0.20 0.19 0.20 0.22 0.19 0.18 0.25 0.20 0.22 0.28 0.22 0.23
NiO 0.22 0.16 0.20 0.15 0.11 0.13 0.16 0.13 0.13 0.14 0.15 0.17
MgO 14.83 15.39 15.29 14.94 14.12 14.22 13.23 14.30 14.22 13.89 13.62 12.96
CaO 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V2O5 0.14 0.13 0.16 0.10 0.14 0.12 0.13 0.11 0.14 0.11 0.11 0.10
Total 98.64 100.35 100.15 99.64 99.15 98.93 98.77 99.07 98.57 99.38 98.90 99.95
   
Ti 0.005 0.005 0.005 0.005 0.004 0.004 0.004 0.005 0.004 0.004 0.004 0.004
Al 0.502 0.465 0.464 0.400 0.390 0.388 0.375 0.367 0.379 0.369 0.364 0.366
Cr 1.370 1.405 1.406 1.483 1.515 1.523 1.532 1.535 1.536 1.537 1.550 1.559
Fe2+ 0.293 0.279 0.281 0.286 0.319 0.314 0.353 0.309 0.310 0.325 0.334 0.369
Fe3+ 0.109 0.111 0.109 0.101 0.077 0.073 0.076 0.082 0.066 0.079 0.071 0.060
Mn 0.005 0.005 0.005 0.006 0.005 0.005 0.007 0.006 0.006 0.008 0.006 0.006
Ni 0.006 0.004 0.005 0.004 0.003 0.003 0.004 0.003 0.004 0.004 0.004 0.004
Mg 0.707 0.723 0.720 0.714 0.682 0.688 0.646 0.692 0.691 0.672 0.664 0.628
Ca 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.002 0.002 0.002
   
Cr/(Cr+Al+Fe3+) 0.691 0.709 0.710 0.747 0.764 0.768 0.773 0.774 0.775 0.774 0.781 0.785
Al/(Cr+Al+Fe3+) 0.253 0.235 0.234 0.202 0.197 0.195 0.189 0.185 0.191 0.186 0.183 0.184
Fe3+/(Cr+Al+Fe3+) 0.055 0.056 0.055 0.051 0.039 0.037 0.038 0.041 0.033 0.040 0.036 0.030
Cr# 73.18 75.13 75.19 78.76 79.52 79.71 80.35 80.72 80.20 80.65 80.98 80.99
Mg# 70.70 72.17 71.92 71.39 68.11 68.68 64.70 69.16 69.01 67.45 66.50 62.97




Table 12 cont. 
 
Sample MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-2 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3
Flow WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eL WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM
Crystal 327 322 322 322 306 318 472 452 473 476 459
  
SiO2 0.05 0.09 0.10 0.09 0.07 0.10 0.11 0.04 0.07 0.10 0.08
TiO2 0.15 0.13 0.16 0.13 0.13 0.14 0.20 0.26 0.84 0.52 0.44
Al2O3 9.64 9.03 9.24 9.09 9.26 9.13 14.89 14.26 11.88 12.40 12.55
Cr2O3 61.22 60.79 61.40 61.42 61.55 61.23 50.25 51.16 49.77 52.39 53.33
FeO 11.89 10.81 11.05 11.09 12.01 11.59 15.93 14.03 18.55 16.56 15.84
Fe2O3 2.50 2.94 2.77 3.06 2.67 2.72 5.65 5.87 7.03 5.52 4.67
MnO 0.25 0.20 0.29 0.19 0.24 0.27 0.28 0.24 0.30 0.25 0.36
NiO 0.16 0.19 0.17 0.16 0.12 0.11 0.10 0.14 0.21 0.15 0.11
MgO 14.12 14.46 14.48 14.52 14.05 14.10 12.05 13.09 10.37 11.60 11.90
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
V2O5 0.12 0.11 0.09 0.09 0.13 0.09 0.23 0.15 0.35 0.27 0.20
Total 100.10 98.75 99.75 99.85 100.23 99.48 99.71 99.25 99.37 99.78 99.47
  
Ti 0.004 0.003 0.004 0.003 0.003 0.003 0.005 0.006 0.021 0.013 0.011
Al 0.366 0.347 0.352 0.346 0.352 0.349 0.563 0.539 0.462 0.475 0.481
Cr 1.559 1.567 1.567 1.567 1.569 1.572 1.275 1.297 1.299 1.347 1.370
Fe2+ 0.320 0.295 0.298 0.299 0.324 0.315 0.428 0.376 0.512 0.450 0.430
Fe3+ 0.061 0.072 0.067 0.074 0.065 0.067 0.137 0.142 0.175 0.135 0.114
Mn 0.007 0.006 0.008 0.005 0.007 0.007 0.008 0.006 0.008 0.007 0.010
Ni 0.004 0.005 0.004 0.004 0.003 0.003 0.003 0.004 0.006 0.004 0.003
Mg 0.678 0.703 0.697 0.699 0.675 0.682 0.577 0.626 0.510 0.562 0.577
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
V 0.003 0.002 0.002 0.002 0.003 0.002 0.005 0.003 0.008 0.006 0.004
  
Cr/(Cr+Al+Fe3+) 0.785 0.789 0.789 0.789 0.790 0.791 0.646 0.656 0.671 0.688 0.697
Al/(Cr+Al+Fe3+) 0.184 0.175 0.177 0.174 0.177 0.176 0.285 0.272 0.239 0.243 0.245
Fe3+/(Cr+Al+Fe3+) 0.031 0.036 0.034 0.037 0.033 0.033 0.069 0.072 0.090 0.069 0.058
Cr# 80.99 81.87 81.68 81.93 81.68 81.81 69.36 70.65 73.76 73.92 74.03
Mg# 67.92 70.46 70.02 70.01 67.60 68.44 57.42 62.44 49.92 55.52 57.26




Table 12 cont. 
 
Sample MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3
Flow WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM
Crystal 452 474 467 334 458 454 454 469 476 332 467
   
SiO2 0.09 0.09 0.09 0.04 0.07 0.07 0.06 0.06 0.06 0.07 0.06
TiO2 0.21 0.35 0.23 0.19 0.24 0.22 0.19 0.21 0.21 0.21 0.20
Al2O3 12.15 11.96 12.22 11.57 11.33 11.76 11.33 11.29 10.86 11.34 11.39
Cr2O3 54.73 54.57 55.13 55.49 55.07 56.43 56.64 56.24 55.61 56.28 56.64
FeO 14.19 15.27 14.73 13.19 15.82 13.35 12.33 14.18 15.85 14.15 14.32
Fe2O3 5.06 4.72 4.15 4.87 4.77 4.46 4.99 4.49 4.72 3.92 3.87
MnO 0.26 0.25 0.23 0.25 0.23 0.20 0.16 0.23 0.30 0.22 0.23
NiO 0.17 0.12 0.11 0.09 0.14 0.11 0.15 0.10 0.11 0.15 0.12
MgO 12.83 12.35 12.51 13.38 11.71 13.50 14.08 12.81 11.53 12.71 12.69
CaO 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
V2O5 0.15 0.24 0.15 0.17 0.17 0.14 0.15 0.15 0.14 0.15 0.14
Total 99.83 99.92 99.54 99.24 99.55 100.25 100.09 99.75 99.38 99.21 99.66
   
Ti 0.005 0.009 0.006 0.005 0.006 0.005 0.005 0.005 0.005 0.005 0.005
Al 0.462 0.456 0.466 0.441 0.437 0.444 0.428 0.431 0.420 0.435 0.435
Cr 1.396 1.396 1.412 1.420 1.423 1.429 1.434 1.440 1.444 1.448 1.452
Fe2+ 0.383 0.413 0.399 0.357 0.432 0.358 0.330 0.384 0.435 0.385 0.388
Fe3+ 0.123 0.115 0.101 0.119 0.117 0.108 0.120 0.109 0.117 0.096 0.094
Mn 0.007 0.007 0.006 0.007 0.006 0.005 0.004 0.006 0.008 0.006 0.006
Ni 0.004 0.003 0.003 0.002 0.004 0.003 0.004 0.002 0.003 0.004 0.003
Mg 0.617 0.596 0.604 0.646 0.571 0.645 0.672 0.618 0.565 0.617 0.613
Ca 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
V 0.003 0.005 0.003 0.004 0.004 0.003 0.003 0.003 0.003 0.003 0.003
   
Cr/(Cr+Al+Fe3+) 0.705 0.710 0.713 0.717 0.720 0.722 0.724 0.727 0.729 0.732 0.733
Al/(Cr+Al+Fe3+) 0.233 0.232 0.236 0.223 0.221 0.224 0.216 0.218 0.212 0.220 0.220
Fe3+/(Cr+Al+Fe3+) 0.062 0.058 0.051 0.060 0.059 0.054 0.061 0.055 0.059 0.049 0.048
Cr# 75.14 75.37 75.16 76.29 76.53 76.30 77.03 76.97 77.45 76.90 76.94
Mg# 61.71 59.04 60.23 64.40 56.89 64.32 67.05 61.69 56.46 61.56 61.24




Table 12 cont. 
 
Sample MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-3 MC 5-4
Flow WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eM WP 3eU
Crystal 469 454 341 469 454 461 456 461 456 474 539
   
SiO2 0.08 0.06 0.08 0.06 0.07 0.06 0.08 0.09 0.07 0.08 0.04
TiO2 0.23 0.20 0.20 0.19 0.18 0.19 0.19 0.19 0.16 0.15 2.62
Al2O3 11.14 11.16 10.52 11.00 10.98 10.43 10.37 10.04 10.10 9.69 8.74
Cr2O3 56.09 57.31 56.03 57.02 58.42 57.42 58.07 58.76 58.16 59.16 40.20
FeO 14.04 12.50 14.15 13.74 12.77 13.18 13.33 13.21 13.12 14.91 21.96
Fe2O3 3.84 4.18 4.49 4.24 3.97 4.46 3.83 4.02 3.66 3.49 16.27
MnO 0.24 0.23 0.18 0.20 0.14 0.24 0.22 0.26 0.24 0.22 0.26
NiO 0.14 0.15 0.15 0.18 0.09 0.11 0.20 0.11 0.11 0.15 0.24
MgO 12.65 13.84 12.49 13.01 13.97 13.29 13.17 13.34 13.18 12.20 8.83
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
V2O5 0.16 0.13 0.17 0.13 0.15 0.14 0.15 0.14 0.15 0.14 0.37
Total 98.61 99.76 98.46 99.77 100.74 99.52 99.60 100.18 98.94 100.18 99.53
   
Ti 0.006 0.005 0.005 0.005 0.004 0.005 0.005 0.005 0.004 0.004 0.067
Al 0.430 0.423 0.408 0.420 0.413 0.399 0.397 0.382 0.389 0.372 0.349
Cr 1.453 1.458 1.459 1.460 1.473 1.474 1.491 1.502 1.503 1.526 1.078
Fe2+ 0.385 0.336 0.390 0.372 0.341 0.358 0.362 0.357 0.359 0.407 0.623
Fe3+ 0.095 0.101 0.111 0.103 0.095 0.109 0.094 0.098 0.090 0.086 0.415
Mn 0.007 0.006 0.005 0.005 0.004 0.007 0.006 0.007 0.007 0.006 0.007
Ni 0.004 0.004 0.004 0.005 0.002 0.003 0.005 0.003 0.003 0.004 0.007
Mg 0.618 0.664 0.613 0.628 0.664 0.643 0.638 0.643 0.642 0.593 0.446
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000
V 0.004 0.003 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.008
   
Cr/(Cr+Al+Fe3+) 0.735 0.735 0.737 0.736 0.744 0.744 0.752 0.758 0.758 0.769 0.585
Al/(Cr+Al+Fe3+) 0.217 0.213 0.206 0.212 0.208 0.201 0.200 0.193 0.196 0.188 0.190
Fe3+/(Cr+Al+Fe3+) 0.048 0.051 0.056 0.052 0.048 0.055 0.047 0.049 0.045 0.043 0.225
Cr# 77.16 77.50 78.13 77.67 78.11 78.69 78.98 79.70 79.44 80.38 75.52
Mg# 61.64 66.37 61.14 62.79 66.10 64.25 63.79 64.29 64.17 59.33 41.75




Table 12 cont. 
 
Sample MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4
Flow WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU
Crystal 242 538 252 530 243 532 250 267 235 534 266
   
SiO2 0.09 0.05 0.07 0.06 0.05 0.08 0.05 0.11 0.09 0.07 0.08
TiO2 1.83 1.79 0.32 0.38 1.11 0.17 0.16 0.32 0.29 0.19 0.20
Al2O3 8.12 8.06 13.23 11.44 8.96 12.38 8.90 10.24 11.90 8.24 8.69
Cr2O3 41.05 41.53 46.49 47.28 46.84 47.77 46.89 49.32 50.52 48.70 49.44
FeO 23.67 23.23 18.60 19.40 20.73 20.24 22.57 19.20 16.87 21.72 21.86
Fe2O3 17.24 16.54 9.87 11.61 12.72 9.22 12.93 10.90 8.01 11.23 10.73
MnO 0.35 0.25 0.24 0.28 0.35 0.24 0.35 0.34 0.36 0.28 0.32
NiO 0.20 0.27 0.20 0.17 0.22 0.18 0.16 0.15 0.18 0.17 0.17
MgO 7.33 7.48 9.90 9.44 8.69 8.80 7.16 9.30 10.86 7.38 7.37
CaO 0.00 0.00 0.15 0.15 0.02 0.06 0.00 0.18 0.10 0.05 0.03
V2O5 0.40 0.40 0.20 0.19 0.23 0.24 0.47 0.18 0.18 0.42 0.30
Total 100.28 99.59 99.27 100.41 99.92 99.37 99.65 100.23 99.35 98.47 99.19
   
Ti 0.047 0.046 0.008 0.010 0.028 0.004 0.004 0.008 0.007 0.005 0.005
Al 0.327 0.326 0.514 0.445 0.356 0.486 0.359 0.402 0.461 0.336 0.351
Cr 1.109 1.127 1.212 1.234 1.249 1.258 1.268 1.298 1.314 1.332 1.341
Fe2+ 0.676 0.667 0.513 0.536 0.585 0.564 0.646 0.534 0.464 0.629 0.627
Fe3+ 0.443 0.427 0.245 0.289 0.323 0.231 0.333 0.273 0.198 0.292 0.277
Mn 0.010 0.007 0.007 0.008 0.010 0.007 0.010 0.010 0.010 0.008 0.009
Ni 0.005 0.007 0.005 0.005 0.006 0.005 0.004 0.004 0.005 0.005 0.005
Mg 0.373 0.383 0.487 0.465 0.437 0.437 0.365 0.461 0.533 0.381 0.377
Ca 0.000 0.000 0.005 0.005 0.001 0.002 0.000 0.006 0.004 0.002 0.001
V 0.009 0.009 0.004 0.004 0.005 0.005 0.011 0.004 0.004 0.010 0.007
   
Cr/(Cr+Al+Fe3+) 0.590 0.599 0.615 0.627 0.648 0.637 0.647 0.658 0.666 0.679 0.681
Al/(Cr+Al+Fe3+) 0.174 0.173 0.261 0.226 0.185 0.246 0.183 0.204 0.234 0.171 0.178
Fe3+/(Cr+Al+Fe3+) 0.236 0.227 0.124 0.147 0.167 0.117 0.170 0.138 0.100 0.149 0.141
Cr# 77.23 77.56 70.21 73.49 77.81 72.13 77.95 76.37 74.01 79.86 79.24
Mg# 35.56 36.47 48.69 46.45 42.77 43.67 36.12 46.33 53.44 37.72 37.53




Table 12 cont. 
 
Sample MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4
Flow WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU
Crystal 240 251 255 252 243 258 534 261 256 252 267
   
SiO2 0.06 0.09 0.08 0.13 0.05 0.02 0.05 0.07 0.09 0.35 0.04
TiO2 0.38 0.25 1.32 0.23 0.91 0.38 0.17 0.26 0.26 0.22 0.25
Al2O3 10.38 12.05 6.62 10.38 7.35 8.04 7.77 11.27 10.84 9.40 8.49
Cr2O3 50.95 51.88 49.71 50.84 50.26 50.32 50.73 53.06 53.49 52.79 53.28
FeO 18.34 16.24 22.17 18.48 20.62 21.39 22.14 17.80 15.38 18.78 19.14
Fe2O3 8.58 6.57 11.61 8.38 10.83 10.78 10.37 6.15 6.03 7.28 8.68
MnO 0.26 0.28 0.36 0.28 0.28 0.28 0.23 0.27 0.28 0.27 0.39
NiO 0.14 0.12 0.12 0.12 0.15 0.13 0.13 0.22 0.10 0.17 0.15
MgO 9.81 11.23 7.71 9.46 8.43 7.72 7.27 10.26 11.56 9.14 9.01
CaO 0.11 0.22 0.00 0.18 0.00 0.00 0.00 0.03 0.19 0.08 0.13
V2O5 0.15 0.19 0.23 0.16 0.23 0.21 0.37 0.13 0.18 0.13 0.14
Total 99.17 99.12 99.93 98.64 99.11 99.27 99.24 99.54 98.40 98.62 99.70
   
Ti 0.010 0.006 0.034 0.006 0.024 0.010 0.005 0.007 0.007 0.006 0.006
Al 0.409 0.466 0.268 0.412 0.297 0.325 0.315 0.439 0.423 0.376 0.337
Cr 1.346 1.347 1.349 1.353 1.361 1.363 1.382 1.386 1.401 1.418 1.420
Fe2+ 0.512 0.446 0.636 0.520 0.591 0.613 0.638 0.492 0.426 0.533 0.540
Fe3+ 0.216 0.162 0.300 0.212 0.279 0.278 0.269 0.153 0.150 0.186 0.220
Mn 0.007 0.008 0.010 0.008 0.008 0.008 0.007 0.008 0.008 0.008 0.011
Ni 0.004 0.003 0.003 0.003 0.004 0.004 0.004 0.006 0.003 0.005 0.004
Mg 0.489 0.550 0.394 0.475 0.431 0.394 0.373 0.505 0.571 0.463 0.453
Ca 0.004 0.008 0.000 0.006 0.000 0.000 0.000 0.001 0.007 0.003 0.005
V 0.003 0.004 0.005 0.004 0.005 0.005 0.008 0.003 0.004 0.003 0.003
   
Cr/(Cr+Al+Fe3+) 0.683 0.682 0.704 0.684 0.703 0.693 0.703 0.701 0.710 0.716 0.718
Al/(Cr+Al+Fe3+) 0.207 0.236 0.140 0.208 0.153 0.165 0.160 0.222 0.214 0.190 0.171
Fe3+/(Cr+Al+Fe3+) 0.110 0.082 0.156 0.107 0.144 0.141 0.137 0.077 0.076 0.094 0.111
Cr# 76.70 74.28 83.44 76.67 82.10 80.76 81.41 75.95 76.80 79.02 80.81
Mg# 48.81 55.22 38.27 47.71 42.15 39.15 36.92 50.67 57.27 46.45 45.62




Table 12 cont. 
 
Sample MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5
Flow WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp
Crystal 261 263 525 248 523 21 23 22 29 20 28
  
SiO2 0.09 0.06 0.09 0.08 0.14 0.07 0.07 0.07 0.08 0.07 0.07
TiO2 0.23 0.64 0.19 0.17 0.15 0.16 0.14 0.16 0.15 0.17 0.16
Al2O3 9.46 6.94 9.87 7.73 8.88 7.72 7.17 7.41 7.67 7.72 7.23
Cr2O3 55.78 53.55 56.13 54.37 58.21 55.99 56.24 56.56 58.29 56.61 56.73
FeO 18.56 20.59 17.38 18.70 15.47 19.15 23.66 22.09 19.20 21.99 23.34
Fe2O3 5.76 7.82 5.07 7.73 4.53 7.62 6.34 5.86 5.85 4.87 5.49
MnO 0.36 0.39 0.16 0.29 0.19 0.30 0.34 0.20 0.26 0.30 0.25
NiO 0.12 0.13 0.15 0.11 0.10 0.10 0.15 0.09 0.09 0.09 0.09
MgO 9.74 7.96 10.51 9.06 11.63 9.16 6.08 7.18 9.31 7.04 6.34
CaO 0.02 0.02 0.05 0.05 0.00 0.05 0.00 0.03 0.03 0.07 0.03
V2O5 0.15 0.17 0.13 0.14 0.15 0.12 0.09 0.12 0.12 0.12 0.13
Total 100.28 98.28 99.73 98.41 99.46 100.44 100.29 99.77 101.03 99.06 99.86
  
Ti 0.006 0.017 0.005 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
Al 0.370 0.284 0.385 0.312 0.346 0.305 0.291 0.299 0.301 0.314 0.294
Cr 1.465 1.468 1.470 1.471 1.523 1.486 1.531 1.533 1.537 1.543 1.547
Fe2+ 0.516 0.597 0.481 0.535 0.428 0.538 0.681 0.633 0.535 0.634 0.673
Fe3+ 0.144 0.204 0.126 0.199 0.113 0.192 0.164 0.151 0.147 0.126 0.142
Mn 0.010 0.012 0.004 0.008 0.005 0.009 0.010 0.006 0.007 0.009 0.007
Ni 0.003 0.004 0.004 0.003 0.003 0.003 0.004 0.003 0.002 0.003 0.002
Mg 0.482 0.411 0.519 0.462 0.574 0.458 0.312 0.367 0.463 0.362 0.326
Ca 0.001 0.001 0.002 0.002 0.000 0.002 0.000 0.001 0.001 0.003 0.001
V 0.003 0.004 0.003 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.003
  
Cr/(Cr+Al+Fe3+) 0.740 0.751 0.742 0.742 0.768 0.749 0.771 0.773 0.774 0.778 0.780
Al/(Cr+Al+Fe3+) 0.187 0.145 0.194 0.157 0.175 0.154 0.146 0.151 0.152 0.158 0.148
Fe3+/(Cr+Al+Fe3+) 0.073 0.104 0.064 0.100 0.057 0.097 0.083 0.076 0.074 0.064 0.072
Cr# 79.82 83.81 79.23 82.51 81.47 82.95 84.03 83.66 83.60 83.11 84.04
Mg# 48.33 40.80 51.88 46.35 57.26 46.02 31.42 36.69 46.36 36.34 32.62




Table 12 cont. 
 
Sample MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-6 MC 4-4 MC 4-4
Flow WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 4M WP 4M
Crystal 33 24 26 25 33 33 33 30 74 191 208
   
SiO2 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.07 0.15 0.12 0.12
TiO2 0.13 0.13 0.15 0.13 0.14 0.11 0.13 0.12 0.31 0.13 0.13
Al2O3 7.19 7.04 7.73 6.92 7.13 6.87 7.19 6.95 11.68 8.08 7.80
Cr2O3 56.53 57.62 56.57 56.48 57.31 57.20 57.98 58.15 48.03 59.69 60.23
FeO 23.63 19.32 23.59 24.52 22.90 24.21 22.89 23.62 20.79 15.81 13.28
Fe2O3 5.45 5.86 4.52 5.40 5.16 5.23 4.59 4.29 9.10 4.04 4.31
MnO 0.36 0.28 0.34 0.46 0.30 0.48 0.29 0.41 0.19 0.28 0.25
NiO 0.08 0.08 0.09 0.08 0.04 0.05 0.05 0.08 0.13 0.14 0.17
MgO 5.97 8.68 5.96 5.24 6.58 5.57 6.58 5.96 8.23 11.24 12.76
CaO 0.00 0.14 0.00 0.04 0.02 0.00 0.00 0.00 0.29 0.00 0.00
V2O5 0.09 0.10 0.06 0.08 0.11 0.09 0.07 0.07 0.21 0.11 0.11
Total 99.50 99.33 99.08 99.43 99.77 99.89 99.85 99.73 99.12 99.64 99.16
   
Ti 0.003 0.003 0.004 0.003 0.004 0.003 0.003 0.003 0.008 0.003 0.003
Al 0.294 0.283 0.316 0.285 0.290 0.281 0.292 0.284 0.463 0.317 0.304
Cr 1.551 1.553 1.554 1.561 1.562 1.570 1.578 1.593 1.277 1.569 1.575
Fe2+ 0.686 0.551 0.685 0.717 0.660 0.703 0.659 0.684 0.585 0.440 0.367
Fe3+ 0.142 0.150 0.118 0.142 0.134 0.137 0.119 0.112 0.230 0.101 0.107
Mn 0.011 0.008 0.010 0.014 0.009 0.014 0.009 0.012 0.006 0.008 0.007
Ni 0.002 0.002 0.003 0.002 0.001 0.001 0.001 0.002 0.004 0.004 0.005
Mg 0.309 0.441 0.309 0.273 0.338 0.288 0.338 0.308 0.413 0.557 0.629
Ca 0.000 0.005 0.000 0.002 0.001 0.000 0.000 0.000 0.011 0.000 0.000
V 0.002 0.002 0.001 0.002 0.003 0.002 0.002 0.002 0.005 0.002 0.002
   
Cr/(Cr+Al+Fe3+) 0.780 0.782 0.781 0.785 0.787 0.790 0.794 0.801 0.648 0.790 0.793
Al/(Cr+Al+Fe3+) 0.148 0.142 0.159 0.143 0.146 0.141 0.147 0.143 0.235 0.159 0.153
Fe3+/(Cr+Al+Fe3+) 0.072 0.076 0.059 0.071 0.067 0.069 0.060 0.056 0.117 0.051 0.054
Cr# 84.06 84.59 83.08 84.56 84.36 84.82 84.40 84.88 73.39 83.21 83.82
Mg# 31.05 44.48 31.05 27.59 33.87 29.08 33.88 31.02 41.37 55.89 63.15




Table 12 cont. 
 
Sample MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4
Flow WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M
Crystal 204 199 190 203 202 208 187 215 185 199 204 204 187
    
SiO2 0.15 0.10 0.10 0.12 0.12 0.15 0.12 0.23 0.14 0.13 0.11 0.13 0.14
TiO2 0.17 0.14 0.14 0.13 0.13 0.10 0.13 0.09 0.12 0.11 0.12 0.14 0.11
Al2O3 7.54 7.91 7.99 7.77 7.77 7.91 7.81 7.59 7.80 7.76 7.52 7.67 7.62
Cr2O3 59.52 60.60 60.57 61.46 61.24 60.81 61.38 61.61 61.58 61.18 62.14 62.30 62.54
FeO 15.80 15.04 14.81 13.94 14.95 13.24 15.43 12.59 13.85 14.40 12.71 12.68 13.19
Fe2O3 4.36 3.93 3.63 3.99 3.86 3.53 3.54 3.91 3.57 3.53 4.10 3.35 2.86
MnO 0.27 0.26 0.25 0.29 0.23 0.16 0.26 0.21 0.31 0.21 0.24 0.16 0.27
NiO 0.17 0.11 0.15 0.14 0.17 0.09 0.12 0.18 0.14 0.12 0.14 0.12 0.13
MgO 11.01 11.83 11.89 12.59 11.92 12.79 11.66 13.27 12.54 12.14 13.40 13.35 12.96
CaO 0.09 0.00 0.05 0.02 0.02 0.00 0.00 0.03 0.00 0.00 0.00 0.02 0.00
V2O5 0.10 0.09 0.12 0.10 0.09 0.07 0.09 0.10 0.08 0.08 0.09 0.06 0.10
Total 99.19 100.00 99.68 100.56 100.51 98.84 100.54 99.81 100.15 99.66 100.57 99.97 99.92
    
Ti 0.004 0.003 0.003 0.003 0.003 0.002 0.003 0.002 0.003 0.003 0.003 0.003 0.003
Al 0.298 0.308 0.311 0.300 0.301 0.309 0.303 0.294 0.302 0.302 0.289 0.296 0.295
Cr 1.577 1.582 1.584 1.589 1.592 1.593 1.597 1.599 1.599 1.599 1.599 1.611 1.623
Fe2+ 0.443 0.415 0.410 0.381 0.411 0.367 0.425 0.346 0.380 0.398 0.346 0.347 0.362
Fe3+ 0.110 0.098 0.090 0.098 0.096 0.088 0.088 0.097 0.088 0.088 0.100 0.082 0.071
Mn 0.008 0.007 0.007 0.008 0.006 0.005 0.007 0.006 0.009 0.006 0.007 0.004 0.007
Ni 0.005 0.003 0.004 0.004 0.004 0.002 0.003 0.005 0.004 0.003 0.004 0.003 0.004
Mg 0.550 0.582 0.586 0.614 0.584 0.632 0.572 0.649 0.614 0.598 0.650 0.651 0.634
Ca 0.003 0.000 0.002 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000
V 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.001 0.002
    
Cr/(Cr+Al+Fe3+) 0.795 0.796 0.798 0.800 0.801 0.801 0.803 0.804 0.804 0.804 0.804 0.810 0.816
Al/(Cr+Al+Fe3+) 0.150 0.155 0.157 0.151 0.151 0.155 0.152 0.148 0.152 0.152 0.145 0.149 0.148
Fe3+/(Cr+Al+Fe3+) 0.055 0.049 0.045 0.049 0.048 0.044 0.044 0.049 0.044 0.044 0.051 0.041 0.036
Cr# 84.12 83.71 83.57 84.14 84.09 83.76 84.06 84.49 84.12 84.10 84.72 84.49 84.63
Mg# 55.39 58.38 58.87 61.69 58.69 63.27 57.39 65.26 61.74 60.04 65.27 65.25 63.66




Table 12 cont. 
 
Sample MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3
Flow WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U
Crystal 86 81 86 91 86 81 93 93 79 88 86 84 88
    
SiO2 0.12 0.10 0.08 0.11 0.11 0.11 0.11 0.09 0.10 0.09 0.09 0.12 0.12
TiO2 0.20 0.13 0.19 0.17 0.15 0.14 0.14 0.12 0.15 0.11 0.14 0.13 0.14
Al2O3 9.22 8.44 9.08 7.81 7.96 8.30 7.64 7.75 8.23 8.15 8.20 7.61 7.68
Cr2O3 59.77 60.10 60.03 58.25 59.46 61.02 58.60 59.60 61.12 60.77 60.62 60.19 59.65
FeO 12.94 12.77 13.29 20.04 15.77 12.71 18.10 17.11 13.44 15.23 14.68 16.70 19.12
Fe2O3 3.46 4.98 3.64 4.36 4.52 4.20 4.24 4.39 3.68 3.76 3.51 4.22 3.92
MnO 0.21 0.21 0.14 0.23 0.28 0.22 0.33 0.22 0.26 0.18 0.16 0.21 0.23
NiO 0.10 0.06 0.18 0.11 0.12 0.07 0.08 0.10 0.05 0.11 0.09 0.09 0.06
MgO 13.28 13.46 13.13 8.57 11.29 13.52 9.51 10.44 13.02 11.88 12.13 10.78 9.26
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.00 0.00
V2O5 0.09 0.07 0.10 0.13 0.10 0.10 0.09 0.10 0.12 0.12 0.11 0.10 0.10
Total 99.39 100.32 99.86 99.76 99.76 100.40 98.89 99.95 100.17 100.39 99.72 100.15 100.27
    
Ti 0.005 0.003 0.005 0.004 0.004 0.003 0.004 0.003 0.004 0.003 0.003 0.003 0.004
Al 0.355 0.323 0.349 0.312 0.312 0.318 0.306 0.305 0.317 0.316 0.319 0.298 0.304
Cr 1.544 1.544 1.547 1.560 1.561 1.567 1.572 1.573 1.578 1.578 1.581 1.583 1.583
Fe2+ 0.354 0.347 0.362 0.568 0.438 0.345 0.514 0.478 0.367 0.418 0.405 0.465 0.537
Fe3+ 0.085 0.122 0.089 0.111 0.113 0.103 0.108 0.110 0.090 0.093 0.087 0.106 0.099
Mn 0.006 0.006 0.004 0.006 0.008 0.006 0.009 0.006 0.007 0.005 0.005 0.006 0.006
Ni 0.003 0.002 0.005 0.003 0.003 0.002 0.002 0.003 0.001 0.003 0.003 0.002 0.002
Mg 0.647 0.652 0.638 0.433 0.559 0.654 0.481 0.519 0.634 0.582 0.596 0.535 0.463
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000
V 0.002 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.003 0.003 0.002 0.002 0.002
    
Cr/(Cr+Al+Fe3+) 0.778 0.776 0.779 0.787 0.786 0.789 0.792 0.791 0.795 0.794 0.796 0.797 0.797
Al/(Cr+Al+Fe3+) 0.179 0.163 0.176 0.157 0.157 0.160 0.154 0.153 0.160 0.159 0.160 0.150 0.153
Fe3+/(Cr+Al+Fe3+) 0.043 0.061 0.045 0.056 0.057 0.052 0.055 0.055 0.046 0.047 0.044 0.053 0.050
Cr# 81.30 82.69 81.60 83.34 83.36 83.14 83.73 83.76 83.28 83.34 83.22 84.14 83.90
Mg# 64.66 65.26 63.78 43.26 56.06 65.46 48.36 52.10 63.33 58.17 59.57 53.50 46.34




Table 12 cont. 
 
Sample MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3
Flow WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U
Crystal 75 75 88 93 88 83 88 93 88 79 88 84 88
    
SiO2 0.11 0.13 0.11 0.08 0.11 0.09 0.09 0.08 0.16 0.14 0.12 0.10 0.12
TiO2 0.14 0.12 0.15 0.16 0.15 0.12 0.15 0.12 0.14 0.15 0.14 0.15 0.16
Al2O3 8.04 7.75 7.90 7.91 7.64 8.15 7.89 7.99 7.84 7.94 7.52 7.92 7.75
Cr2O3 60.87 59.62 60.71 60.90 60.00 60.95 61.05 61.36 60.67 60.98 59.61 60.46 60.90
FeO 13.40 15.88 15.43 14.60 17.74 13.33 15.11 13.60 15.39 13.51 18.27 14.62 15.93
Fe2O3 3.58 3.61 3.66 3.60 3.74 3.29 3.58 3.41 3.37 3.27 3.50 3.13 3.22
MnO 0.21 0.22 0.24 0.22 0.19 0.22 0.25 0.20 0.17 0.18 0.27 0.11 0.17
NiO 0.06 0.10 0.13 0.16 0.09 0.14 0.13 0.11 0.09 0.09 0.07 0.10 0.11
MgO 12.85 10.99 11.59 12.10 10.07 12.80 11.83 12.78 11.56 12.71 9.50 11.93 11.23
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00
V2O5 0.10 0.11 0.10 0.10 0.10 0.09 0.10 0.11 0.10 0.10 0.11 0.09 0.08
Total 99.37 98.53 100.01 99.83 99.82 99.18 100.18 99.76 99.49 99.06 99.18 98.62 99.68
    
Ti 0.003 0.003 0.004 0.004 0.004 0.003 0.004 0.003 0.004 0.004 0.004 0.004 0.004
Al 0.312 0.308 0.308 0.308 0.302 0.317 0.306 0.309 0.307 0.310 0.300 0.312 0.304
Cr 1.585 1.587 1.587 1.589 1.590 1.590 1.591 1.593 1.595 1.595 1.596 1.596 1.602
Fe2+ 0.369 0.447 0.427 0.403 0.497 0.368 0.416 0.374 0.428 0.374 0.517 0.408 0.443
Fe3+ 0.089 0.092 0.091 0.089 0.094 0.082 0.089 0.084 0.084 0.081 0.089 0.079 0.081
Mn 0.006 0.006 0.007 0.006 0.005 0.006 0.007 0.006 0.005 0.005 0.008 0.003 0.005
Ni 0.002 0.003 0.003 0.004 0.002 0.004 0.003 0.003 0.002 0.002 0.002 0.003 0.003
Mg 0.631 0.552 0.571 0.595 0.503 0.629 0.581 0.626 0.573 0.627 0.480 0.594 0.557
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000
V 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002
    
Cr/(Cr+Al+Fe3+) 0.798 0.799 0.799 0.800 0.801 0.800 0.801 0.802 0.803 0.803 0.804 0.804 0.806
Al/(Cr+Al+Fe3+) 0.157 0.155 0.155 0.155 0.152 0.159 0.154 0.156 0.155 0.156 0.151 0.157 0.153
Fe3+/(Cr+Al+Fe3+) 0.045 0.046 0.046 0.045 0.047 0.041 0.045 0.042 0.042 0.041 0.045 0.040 0.041
Cr# 83.55 83.77 83.75 83.78 84.05 83.38 83.85 83.74 83.85 83.75 84.17 83.66 84.05
Mg# 63.09 55.23 57.25 59.64 50.30 63.12 58.26 62.61 57.25 62.64 48.11 59.25 55.68




Table 12 cont. 
 
Sample MC 4-3 MC 4-3 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4
Flow WP 4U WP 4U WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L
Crystal 78 93 153 172 176 153 164 162 162 179 177
   
SiO2 0.12 0.07 0.07 0.08 0.19 0.09 0.15 0.09 0.09 0.08 0.09
TiO2 0.14 0.14 0.21 0.19 0.19 0.20 0.19 0.22 0.20 0.19 0.23
Al2O3 7.62 7.87 7.47 7.34 7.31 7.28 7.36 7.06 7.39 7.30 6.38
Cr2O3 60.37 61.75 61.43 60.53 60.95 60.90 61.41 60.33 61.86 62.98 60.98
FeO 16.77 14.14 13.54 15.71 12.87 15.42 12.05 16.19 13.41 12.49 17.90
Fe2O3 3.30 3.01 4.28 4.19 4.22 4.12 4.14 3.90 3.60 3.53 4.17
MnO 0.22 0.18 0.37 0.29 0.24 0.23 0.25 0.36 0.25 0.15 0.24
NiO 0.08 0.07 0.13 0.12 0.18 0.17 0.18 0.15 0.15 0.21 0.10
MgO 10.57 12.46 12.79 11.31 12.99 11.52 13.53 10.73 12.79 13.57 9.91
CaO 0.00 0.00 0.02 0.04 0.02 0.00 0.00 0.08 0.00 0.00 0.00
V2O5 0.10 0.09 0.10 0.12 0.10 0.08 0.07 0.10 0.07 0.07 0.11
Total 99.27 99.79 100.40 99.92 99.27 100.01 99.33 99.22 99.80 100.57 100.10
   
Ti 0.003 0.004 0.005 0.005 0.005 0.005 0.005 0.006 0.005 0.005 0.006
Al 0.301 0.305 0.288 0.288 0.285 0.285 0.286 0.280 0.287 0.280 0.253
Cr 1.602 1.607 1.590 1.591 1.594 1.597 1.598 1.603 1.610 1.620 1.623
Fe2+ 0.471 0.389 0.371 0.437 0.356 0.428 0.332 0.455 0.369 0.340 0.504
Fe3+ 0.083 0.075 0.105 0.105 0.105 0.103 0.103 0.099 0.089 0.086 0.106
Mn 0.006 0.005 0.010 0.008 0.007 0.006 0.007 0.010 0.007 0.004 0.007
Ni 0.002 0.002 0.003 0.003 0.005 0.005 0.005 0.004 0.004 0.005 0.003
Mg 0.529 0.611 0.624 0.560 0.641 0.570 0.664 0.538 0.628 0.658 0.497
Ca 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.003 0.000 0.000 0.000
V 0.002 0.002 0.002 0.003 0.002 0.002 0.001 0.002 0.001 0.001 0.002
   
Cr/(Cr+Al+Fe3+) 0.806 0.809 0.802 0.802 0.803 0.805 0.805 0.809 0.811 0.816 0.819
Al/(Cr+Al+Fe3+) 0.152 0.154 0.145 0.145 0.144 0.143 0.144 0.141 0.144 0.141 0.128
Fe3+/(Cr+Al+Fe3+) 0.042 0.038 0.053 0.053 0.053 0.052 0.052 0.050 0.045 0.043 0.053
Cr# 84.16 84.03 84.65 84.69 84.83 84.88 84.84 85.15 84.88 85.27 86.51
Mg# 52.91 61.10 62.74 56.21 64.27 57.11 66.68 54.15 62.97 65.96 49.68




Table 12 cont. 
 
Sample SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 Average Minimum
Flow WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L Detection
Crystal 179 157 157 157 157 165 177 Levels
   
SiO2 0.12 0.11 0.08 0.09 0.06 0.28 0.08 0.09 0.034
TiO2 0.19 0.21 0.23 0.21 0.20 0.19 0.18 0.28 0.027
Al2O3 7.06 7.45 7.14 7.14 7.42 7.35 6.38 8.68 0.029
Cr2O3 62.24 63.13 61.42 62.03 63.51 62.96 61.86 56.55 0.084
FeO 12.25 11.87 16.90 15.63 11.75 11.44 14.71 16.57 0.075
Fe2O3 3.36 2.91 2.86 2.93 2.88 2.52 3.67 5.95 0.075
MnO 0.25 0.17 0.32 0.34 0.26 0.27 0.33 0.26 0.059
NiO 0.21 0.19 0.13 0.15 0.16 0.19 0.17 0.13 0.055
MgO 13.33 13.90 10.46 11.31 14.01 13.89 11.63 10.87 0.036
CaO 0.03 0.00 0.00 0.05 0.00 0.00 0.00 0.03 0.020
V2O5 0.09 0.08 0.09 0.11 0.08 0.09 0.08 0.13 0.027
Total 99.13 100.03 99.64 99.99 100.34 99.18 99.08 99.56
   
Ti 0.005 0.005 0.006 0.005 0.005 0.005 0.005 0.007
Al 0.275 0.286 0.282 0.280 0.284 0.285 0.252 0.340
Cr 1.626 1.627 1.628 1.630 1.630 1.637 1.641 1.488
Fe2+ 0.338 0.324 0.474 0.434 0.319 0.315 0.413 0.461
Fe3+ 0.084 0.071 0.072 0.073 0.070 0.062 0.093 0.149
Mn 0.007 0.005 0.009 0.010 0.007 0.008 0.009 0.007
Ni 0.005 0.005 0.004 0.004 0.004 0.005 0.005 0.004
Mg 0.657 0.675 0.523 0.560 0.678 0.681 0.582 0.539
Ca 0.001 0.000 0.000 0.002 0.000 0.000 0.000 0.001
V 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003
   
Cr/(Cr+Al+Fe3+) 0.819 0.820 0.821 0.822 0.821 0.825 0.826 0.753
Al/(Cr+Al+Fe3+) 0.139 0.144 0.142 0.141 0.143 0.144 0.127 0.172
Fe3+/(Cr+Al+Fe3+) 0.042 0.036 0.036 0.037 0.036 0.031 0.047 0.075
Cr# 85.54 85.04 85.23 85.35 85.17 85.18 86.67 81.38
Mg# 65.99 67.61 52.45 56.33 68.00 68.40 58.49 53.90




Table 13 – Chemical compositions of orthopyroxenes from the WPC komatiites. Number of ions based on six oxygens. 
 
Sample MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 4-4 MC 4-4 MC 4-4 MC 4-3
Flow WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 4M WP 4M WP 4M WP 4U
Crystal 194 262 262 262 194 192 267 192 267 62 72 63 91
    
SiO2 56.79 56.68 56.95 56.60 56.85 56.46 56.66 55.57 56.03 55.68 56.09 55.04 56.93
TiO2 0.05 0.05 0.03 0.06 0.04 0.06 0.06 0.07 0.06 0.07 0.08 0.09 0.04
Al2O3 0.76 0.74 0.81 0.81 0.76 0.96 1.01 1.63 1.42 1.81 1.40 1.23 0.94
Cr2O3 0.48 0.47 0.42 0.45 0.36 0.47 0.42 0.51 0.48 0.09 0.42 0.36 0.31
FeO 6.50 6.28 6.22 6.71 6.56 6.63 6.95 7.34 7.40 7.38 7.23 7.44 7.34
MnO 0.13 0.13 0.13 0.15 0.13 0.14 0.11 0.16 0.13 0.14 0.17 0.20 0.15
NiO 0.11 0.10 0.06 0.10 0.08 0.11 0.07 0.10 0.08 0.19 0.15 0.14 0.11
MgO 34.51 34.09 33.98 34.01 34.19 33.82 33.42 32.56 32.75 32.18 32.42 31.95 33.57
CaO 1.24 1.29 1.31 1.32 1.32 1.70 1.76 1.96 1.98 2.29 2.51 2.54 1.73
Na2O 0.01 0.01 0.02 0.00 0.02 0.03 0.01 0.01 0.03 0.03 0.01 0.02 0.02
K2O 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01
Total 100.58 99.85 99.94 100.21 100.31 100.38 100.47 99.92 100.36 99.86 100.50 99.00 101.16
    
Si 1.958 1.966 1.971 1.961 1.965 1.955 1.961 1.941 1.948 1.946 1.949 1.946 1.960
Ti 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.001
Al 0.031 0.030 0.033 0.033 0.031 0.039 0.041 0.067 0.058 0.074 0.058 0.051 0.038
Cr 0.013 0.013 0.011 0.012 0.010 0.013 0.011 0.014 0.013 0.003 0.012 0.010 0.009
Fe 0.187 0.182 0.180 0.194 0.190 0.192 0.201 0.214 0.215 0.216 0.210 0.220 0.211
Mn 0.004 0.004 0.004 0.004 0.004 0.004 0.003 0.005 0.004 0.004 0.005 0.006 0.004
Ni 0.003 0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.002 0.005 0.004 0.004 0.003
Mg 1.774 1.763 1.754 1.757 1.762 1.746 1.724 1.696 1.698 1.677 1.680 1.684 1.723
Ca 0.046 0.048 0.048 0.049 0.049 0.063 0.065 0.073 0.074 0.086 0.093 0.096 0.064
Na 0.001 0.001 0.002 0.000 0.001 0.002 0.001 0.000 0.002 0.002 0.001 0.002 0.002
K 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
    
Wo 0.023 0.024 0.024 0.024 0.024 0.031 0.033 0.037 0.037 0.043 0.047 0.048 0.032
En 0.884 0.885 0.885 0.878 0.881 0.873 0.866 0.855 0.855 0.848 0.847 0.842 0.862
Fs 0.093 0.091 0.091 0.097 0.095 0.096 0.101 0.108 0.108 0.109 0.106 0.110 0.106
Mg# 90.44 90.63 90.69 90.04 90.28 90.09 89.55 88.77 88.75 88.60 88.88 88.45 89.07




Table 13 cont. 
 
Sample MC 4-3 MC 4-3 Average  
Flow WP 4U WP 4U  
Crystal 88 94  
    
SiO2 56.37 56.30 56.33  
TiO2 0.04 0.06 0.06  
Al2O3 0.82 0.99 1.07  
Cr2O3 0.38 0.40 0.40  
FeO 7.52 7.70 7.01  
MnO 0.21 0.15 0.15  
NiO 0.07 0.09 0.10  
MgO 32.56 32.44 33.23  
CaO 2.07 2.21 1.81  
Na2O 0.00 0.01 0.02  
K2O 0.00 0.00 0.00  
Total 100.04 100.35 100.20  
    
Si 1.967 1.961 1.96  
Ti 0.001 0.002 0.00  
Al 0.034 0.041 0.04  
Cr 0.011 0.011 0.01  
Fe 0.219 0.224 0.20  
Mn 0.006 0.004 0.00  
Ni 0.002 0.003 0.00  
Mg 1.693 1.684 1.72  
Ca 0.077 0.082 0.07  
Na 0.000 0.001 0.00  
K 0.000 0.000 0.00  
    
Wo 0.039 0.041 0.03  
En 0.851 0.846 0.86  
Fs 0.110 0.113 0.10  
Mg# 88.53 88.25 89.40  




Table 14 – Chemical compositions of pigeonites from the WPC komatiites. Number of ions based on six oxygens. 
 
Sample MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4
Flow WP 1L WP 1L WP 1L WP 1L WP 1U WP 1U WP 1U WP 1U WP 4M WP 4M WP 4M WP 4M WP 4M
Crystal 129 119 133 122 25 35 39 41 64 52 69 60 67
    
SiO2 55.12 55.29 55.43 55.60 54.12 54.34 53.60 54.53 54.31 54.79 55.50 55.49 54.67
TiO2 0.09 0.07 0.09 0.07 0.12 0.12 0.16 0.11 0.13 0.11 0.08 0.11 0.17
Al2O3 1.30 1.17 1.32 1.13 1.64 1.52 2.88 1.24 2.63 1.88 1.58 1.43 2.23
Cr2O3 0.09 0.21 0.24 0.08 0.07 0.41 0.11 0.21 0.04 0.24 0.15 0.18 0.21
FeO 7.81 7.90 7.82 8.26 10.05 9.22 9.73 8.42 7.92 7.68 7.17 7.39 7.53
MnO 0.18 0.26 0.22 0.22 0.25 0.20 0.18 0.22 0.21 0.19 0.14 0.19 0.17
NiO 0.10 0.11 0.12 0.11 0.07 0.18 0.18 0.12 0.17 0.11 0.13 0.14 0.09
MgO 30.25 30.00 29.70 30.08 28.17 28.61 29.96 27.44 29.90 28.64 29.16 29.25 27.69
CaO 3.85 4.14 4.46 4.61 4.47 5.05 2.38 6.85 4.39 5.62 6.08 6.16 7.43
Na2O 0.01 0.06 0.05 0.03 0.03 0.04 0.02 0.01 0.03 0.03 0.03 0.07 0.04
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Total 98.81 99.21 99.44 100.19 98.98 99.70 99.21 99.16 99.73 99.30 100.01 100.43 100.24
    
Si 1.959 1.961 1.962 1.958 1.946 1.939 1.910 1.956 1.920 1.948 1.955 1.951 1.934
Ti 0.002 0.002 0.002 0.002 0.003 0.003 0.004 0.003 0.003 0.003 0.002 0.003 0.004
Al 0.055 0.049 0.055 0.047 0.069 0.064 0.121 0.052 0.109 0.079 0.065 0.059 0.093
Cr 0.003 0.006 0.007 0.002 0.002 0.012 0.003 0.006 0.001 0.007 0.004 0.005 0.006
Fe 0.232 0.234 0.231 0.243 0.302 0.275 0.290 0.253 0.234 0.228 0.211 0.217 0.223
Mn 0.006 0.008 0.007 0.007 0.008 0.006 0.005 0.007 0.006 0.006 0.004 0.006 0.005
Ni 0.003 0.003 0.003 0.003 0.002 0.005 0.005 0.003 0.005 0.003 0.004 0.004 0.003
Mg 1.603 1.587 1.567 1.579 1.510 1.522 1.592 1.467 1.575 1.518 1.531 1.533 1.461
Ca 0.147 0.157 0.169 0.174 0.172 0.193 0.091 0.263 0.166 0.214 0.229 0.232 0.282
Na 0.001 0.004 0.003 0.002 0.002 0.003 0.001 0.001 0.002 0.002 0.002 0.005 0.003
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Wo 0.074 0.080 0.086 0.087 0.087 0.097 0.046 0.133 0.084 0.109 0.116 0.117 0.143
En 0.809 0.802 0.796 0.791 0.761 0.765 0.807 0.740 0.797 0.774 0.777 0.773 0.743
Fs 0.117 0.118 0.118 0.122 0.152 0.138 0.147 0.127 0.118 0.116 0.107 0.110 0.113
Mg# 87.35 87.13 87.13 86.65 83.32 84.69 84.59 85.31 87.06 86.92 87.88 87.59 86.76




Table 14 cont. 
 
Sample MC 4-4 MC 4-4 MC 4-3 MC 4-3 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 Average
Flow WP 4M WP 4M WP 4U WP 4U WP 7L WP 7L WP 7L WP 7L WP 7L
Crystal 58 58 81 84 31 32 18 34 33
   
SiO2 54.74 54.48 55.96 55.68 54.60 54.26 54.42 54.04 53.79 54.76
TiO2 0.08 0.09 0.03 0.06 0.13 0.13 0.18 0.13 0.20 0.11
Al2O3 1.46 1.88 0.97 1.15 1.15 1.18 1.59 1.12 1.76 1.55
Cr2O3 0.58 0.67 0.21 0.29 0.05 0.10 0.11 0.14 0.11 0.20
FeO 6.94 6.67 8.59 8.16 9.63 9.11 9.23 9.58 9.45 8.38
MnO 0.16 0.25 0.14 0.20 0.17 0.19 0.20 0.22 0.24 0.20
NiO 0.11 0.08 0.10 0.07 0.18 0.22 0.19 0.06 0.18 0.13
MgO 26.58 25.36 30.73 30.67 29.92 29.70 29.39 28.40 28.12 28.99
CaO 8.91 10.90 3.40 3.62 3.47 3.50 3.87 4.62 5.11 5.13
Na2O 0.05 0.05 0.06 0.01 0.01 0.04 0.04 0.04 0.04 0.04
K2O 0.00 0.01 0.01 0.01 0.00 0.02 0.00 0.01 0.02 0.00
Total 99.62 100.44 100.20 99.91 99.31 98.44 99.23 98.36 99.01 99.50
   
Si 1.954 1.939 1.965 1.960 1.948 1.950 1.942 1.953 1.935 1.95
Ti 0.002 0.002 0.001 0.002 0.003 0.004 0.005 0.003 0.005 0.00
Al 0.061 0.079 0.040 0.048 0.048 0.050 0.067 0.048 0.075 0.07
Cr 0.016 0.019 0.006 0.008 0.002 0.003 0.003 0.004 0.003 0.01
Fe 0.207 0.198 0.252 0.240 0.287 0.274 0.276 0.290 0.284 0.25
Mn 0.005 0.008 0.004 0.006 0.005 0.006 0.006 0.007 0.007 0.01
Ni 0.003 0.002 0.003 0.002 0.005 0.006 0.005 0.002 0.005 0.00
Mg 1.414 1.345 1.609 1.609 1.591 1.591 1.564 1.530 1.508 1.54
Ca 0.341 0.416 0.128 0.137 0.133 0.135 0.148 0.179 0.197 0.20
Na 0.003 0.004 0.004 0.000 0.001 0.003 0.003 0.002 0.002 0.00
K 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.00
   
Wo 0.174 0.212 0.064 0.069 0.066 0.067 0.074 0.090 0.099 0.10
En 0.721 0.687 0.809 0.810 0.791 0.796 0.787 0.766 0.758 0.78
Fs 0.106 0.101 0.127 0.121 0.143 0.137 0.139 0.145 0.143 0.13
Mg# 87.22 87.14 86.44 87.01 84.71 85.32 85.02 84.09 84.14 86.07




Table 15 – Chemical compositions of augites from the WPC komatiites. Number of ions based on six oxygens. 
 
Sample MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-4 MC 6-3
Flow WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1L WP 1U
Crystal 127 133 122 132 122 125 119 127 129 135 126 119 25
    
SiO2 52.66 49.63 48.12 50.42 48.44 52.31 50.07 53.67 51.47 53.45 53.34 52.90 47.84
TiO2 0.17 0.46 0.69 0.45 0.62 0.17 0.43 0.15 0.24 0.15 0.16 0.19 0.59
Al2O3 2.48 6.33 8.57 5.47 7.94 2.61 5.57 2.31 3.88 1.82 2.21 2.85 7.17
Cr2O3 0.25 0.09 0.02 0.06 0.00 0.54 0.22 0.40 0.40 0.08 0.26 0.44 0.01
FeO 4.91 6.69 7.35 6.35 6.75 5.03 6.33 4.39 5.59 5.20 5.02 5.74 7.69
MnO 0.11 0.15 0.11 0.14 0.17 0.13 0.17 0.12 0.11 0.15 0.21 0.13 0.16
NiO 0.09 0.09 0.11 0.10 0.12 0.09 0.07 0.07 0.07 0.08 0.02 0.08 0.14
MgO 18.30 16.24 15.18 16.60 15.40 18.67 16.93 19.26 18.41 19.98 19.73 20.26 15.26
CaO 20.48 20.19 20.13 19.86 19.02 18.93 18.80 19.10 18.64 18.24 18.23 16.89 20.44
Na2O 0.11 0.16 0.18 0.15 0.15 0.13 0.14 0.11 0.11 0.08 0.12 0.12 0.18
K2O 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.57 100.03 100.46 99.60 98.61 98.61 98.73 99.59 98.93 99.22 99.30 99.60 99.47
    
Si 1.928 1.826 1.770 1.857 1.803 1.928 1.855 1.949 1.895 1.951 1.944 1.923 1.786
Ti 0.005 0.013 0.019 0.012 0.017 0.005 0.012 0.004 0.007 0.004 0.004 0.005 0.017
Al 0.107 0.275 0.371 0.237 0.348 0.113 0.243 0.099 0.168 0.078 0.095 0.122 0.315
Cr 0.007 0.002 0.001 0.002 0.000 0.016 0.006 0.011 0.012 0.002 0.008 0.013 0.000
Fe 0.150 0.206 0.226 0.196 0.210 0.155 0.196 0.133 0.172 0.159 0.153 0.175 0.240
Mn 0.003 0.005 0.003 0.004 0.005 0.004 0.005 0.004 0.004 0.004 0.006 0.004 0.005
Ni 0.003 0.003 0.003 0.003 0.004 0.003 0.002 0.002 0.002 0.002 0.001 0.002 0.004
Mg 0.999 0.891 0.832 0.911 0.854 1.026 0.935 1.043 1.010 1.087 1.072 1.098 0.849
Ca 0.803 0.796 0.793 0.784 0.758 0.748 0.746 0.743 0.735 0.713 0.712 0.658 0.817
Na 0.008 0.011 0.013 0.010 0.011 0.009 0.010 0.008 0.008 0.006 0.009 0.009 0.013
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Wo 0.411 0.421 0.428 0.414 0.416 0.388 0.397 0.387 0.383 0.364 0.368 0.341 0.429
En 0.512 0.471 0.450 0.482 0.469 0.532 0.498 0.543 0.527 0.555 0.553 0.569 0.445
Fs 0.077 0.109 0.122 0.103 0.115 0.080 0.104 0.069 0.090 0.081 0.079 0.090 0.126
Mg# 86.92 81.23 78.64 82.33 80.26 86.87 82.66 88.66 85.45 87.26 87.51 86.29 77.96




Table 15 cont. 
 
Sample MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 6-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3 MC 7-3
Flow WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U WP 1U WP 2L WP 2L WP 2L WP 2L WP 2L WP 2L
Crystal 35 24 41 25 75 39 24 147 156 150 150 147 155
    
SiO2 48.11 50.72 50.49 51.60 53.04 52.55 52.70 51.81 53.10 51.75 52.03 51.45 52.98
TiO2 0.54 0.29 0.33 0.21 0.21 0.18 0.15 0.17 0.12 0.20 0.17 0.23 0.12
Al2O3 7.11 3.83 4.23 2.95 2.29 1.97 2.02 2.89 1.87 3.41 2.45 3.71 2.28
Cr2O3 0.00 0.00 0.11 0.05 0.36 0.52 0.23 0.63 0.81 0.88 1.10 0.95 0.49
FeO 7.45 6.66 7.24 7.26 6.22 6.16 6.62 3.81 3.88 4.45 4.01 4.44 4.23
MnO 0.15 0.19 0.14 0.15 0.18 0.15 0.22 0.07 0.11 0.11 0.13 0.08 0.10
NiO 0.07 0.07 0.09 0.12 0.05 0.12 0.07 0.09 0.08 0.07 0.07 0.10 0.07
MgO 15.08 17.29 17.85 19.65 20.45 21.19 21.49 17.39 19.53 18.26 19.39 18.23 19.31
CaO 20.11 19.32 18.00 16.86 16.43 16.22 15.74 23.05 20.74 20.37 20.19 20.13 20.18
Na2O 0.14 0.09 0.13 0.08 0.10 0.08 0.08 0.30 0.14 0.14 0.14 0.18 0.16
K2O 0.00 0.01 0.01 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00
Total 98.77 98.47 98.62 98.96 99.33 99.14 99.33 100.22 100.38 99.64 99.68 99.50 99.91
    
Si 1.802 1.890 1.877 1.905 1.935 1.924 1.925 1.896 1.925 1.894 1.902 1.886 1.927
Ti 0.015 0.008 0.009 0.006 0.006 0.005 0.004 0.005 0.003 0.005 0.005 0.006 0.003
Al 0.314 0.168 0.185 0.129 0.099 0.085 0.087 0.125 0.080 0.147 0.106 0.160 0.098
Cr 0.000 0.000 0.003 0.001 0.010 0.015 0.007 0.018 0.023 0.026 0.032 0.027 0.014
Fe 0.233 0.208 0.225 0.224 0.190 0.189 0.202 0.117 0.118 0.136 0.123 0.136 0.129
Mn 0.005 0.006 0.005 0.005 0.005 0.005 0.007 0.002 0.003 0.003 0.004 0.002 0.003
Ni 0.002 0.002 0.003 0.004 0.001 0.003 0.002 0.003 0.002 0.002 0.002 0.003 0.002
Mg 0.842 0.961 0.989 1.081 1.112 1.156 1.170 0.949 1.055 0.996 1.057 0.996 1.047
Ca 0.807 0.771 0.717 0.667 0.642 0.636 0.616 0.904 0.805 0.799 0.791 0.790 0.786
Na 0.010 0.007 0.009 0.006 0.007 0.006 0.006 0.021 0.010 0.010 0.010 0.013 0.011
K 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Wo 0.429 0.398 0.371 0.338 0.330 0.321 0.310 0.459 0.407 0.414 0.401 0.411 0.401
En 0.447 0.495 0.512 0.548 0.572 0.584 0.589 0.482 0.533 0.516 0.536 0.518 0.534
Fs 0.124 0.107 0.117 0.114 0.098 0.095 0.102 0.059 0.059 0.071 0.062 0.071 0.066
Mg# 78.30 82.23 81.46 82.83 85.42 85.98 85.27 89.05 89.97 87.97 89.60 87.98 89.06




Table 15 cont. 
 
Sample MC 7-3 MC 7-3 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-5 MC 7-1 MC 7-1 MC 7-1
Flow WP 2L WP 2L WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2U WP 2Sp WP 2Sp WP 2Sp
Crystal 147 160 265 265 258 255 198 198 196 196 251 244 234
    
SiO2 53.36 52.79 52.86 52.29 51.75 52.73 52.58 52.90 53.24 53.33 52.56 51.90 50.74
TiO2 0.11 0.13 0.14 0.17 0.21 0.14 0.14 0.21 0.14 0.13 0.18 0.16 0.27
Al2O3 1.60 2.24 2.34 2.61 3.73 2.51 2.53 1.89 2.17 2.07 2.46 2.38 2.31
Cr2O3 0.60 0.98 1.12 0.80 0.91 0.99 1.02 0.42 0.78 0.84 0.06 0.11 0.02
FeO 3.81 4.25 3.90 4.31 4.55 4.18 4.03 4.86 4.13 4.79 6.48 6.73 10.48
MnO 0.13 0.15 0.09 0.08 0.11 0.03 0.12 0.11 0.06 0.11 0.17 0.17 0.23
NiO 0.13 0.05 0.09 0.08 0.05 0.07 0.07 0.04 0.03 0.05 0.04 0.03 0.01
MgO 19.65 20.59 18.53 18.35 17.63 18.77 18.86 19.13 19.38 20.11 17.04 17.28 15.12
CaO 19.96 18.40 20.86 20.53 20.53 20.20 19.69 19.23 19.21 18.35 21.27 20.26 19.91
Na2O 0.10 0.16 0.15 0.18 0.19 0.14 0.16 0.14 0.12 0.13 0.13 0.14 0.19
K2O 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Total 99.47 99.73 100.08 99.39 99.66 99.78 99.19 98.91 99.26 99.91 100.39 99.16 99.27
    
Si 1.945 1.918 1.923 1.917 1.895 1.922 1.924 1.943 1.941 1.934 1.926 1.925 1.915
Ti 0.003 0.004 0.004 0.005 0.006 0.004 0.004 0.006 0.004 0.004 0.005 0.004 0.008
Al 0.069 0.096 0.100 0.113 0.161 0.108 0.109 0.082 0.093 0.088 0.106 0.104 0.103
Cr 0.017 0.028 0.032 0.023 0.026 0.029 0.029 0.012 0.022 0.024 0.002 0.003 0.000
Fe 0.116 0.129 0.119 0.132 0.139 0.127 0.123 0.149 0.126 0.145 0.199 0.209 0.331
Mn 0.004 0.005 0.003 0.002 0.003 0.001 0.004 0.003 0.002 0.003 0.005 0.005 0.007
Ni 0.004 0.002 0.003 0.002 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.001 0.000
Mg 1.068 1.115 1.005 1.003 0.962 1.020 1.029 1.047 1.053 1.087 0.931 0.955 0.851
Ca 0.779 0.716 0.813 0.806 0.805 0.789 0.772 0.757 0.750 0.713 0.835 0.805 0.805
Na 0.007 0.011 0.010 0.012 0.013 0.010 0.011 0.010 0.009 0.009 0.009 0.010 0.014
K 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Wo 0.397 0.365 0.420 0.415 0.422 0.407 0.401 0.387 0.389 0.366 0.425 0.409 0.405
En 0.544 0.569 0.519 0.517 0.505 0.527 0.535 0.536 0.546 0.559 0.474 0.485 0.428
Fs 0.059 0.066 0.061 0.068 0.073 0.066 0.064 0.076 0.065 0.075 0.101 0.106 0.167
Mg# 90.19 89.62 89.44 88.36 87.35 88.89 89.30 87.53 89.32 88.21 82.42 82.07 72.00




Table 15 cont. 
 
Sample MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1 MC 7-1
Flow WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp WP 2Sp
Crystal 234 246 253 245 239 234 234 254 248 242 251 239
    
SiO2 52.49 52.47 52.89 52.71 52.37 52.19 50.48 52.77 52.62 53.14 50.61 50.57
TiO2 0.22 0.19 0.15 0.18 0.17 0.21 0.31 0.15 0.15 0.15 0.35 0.40
Al2O3 2.19 2.43 2.36 2.44 2.66 2.16 2.30 2.39 2.11 1.72 2.19 1.99
Cr2O3 0.08 0.05 0.36 0.09 0.02 0.02 0.01 0.42 0.05 0.58 0.04 0.00
FeO 8.09 6.93 5.75 6.96 7.29 7.76 10.62 5.71 7.13 5.56 14.03 14.68
MnO 0.16 0.18 0.13 0.21 0.21 0.20 0.27 0.13 0.24 0.11 0.32 0.27
NiO 0.01 0.06 0.07 0.00 0.06 0.06 0.07 0.01 0.04 0.02 0.00 0.00
MgO 16.44 17.47 18.25 17.85 17.21 16.39 14.82 18.18 17.77 18.82 13.14 13.28
CaO 20.33 20.13 20.25 20.21 20.01 19.63 19.21 19.96 19.66 19.41 18.39 18.35
Na2O 0.15 0.11 0.15 0.13 0.16 0.14 0.17 0.15 0.12 0.12 0.18 0.17
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
Total 100.17 100.02 100.36 100.78 100.16 98.75 98.27 99.88 99.89 99.63 99.25 99.71
    
Si 1.937 1.928 1.928 1.923 1.924 1.947 1.923 1.930 1.935 1.945 1.933 1.928
Ti 0.006 0.005 0.004 0.005 0.005 0.006 0.009 0.004 0.004 0.004 0.010 0.011
Al 0.095 0.105 0.101 0.105 0.115 0.095 0.103 0.103 0.091 0.074 0.098 0.090
Cr 0.002 0.001 0.011 0.003 0.001 0.001 0.000 0.012 0.002 0.017 0.001 0.000
Fe 0.250 0.213 0.175 0.212 0.224 0.242 0.338 0.175 0.219 0.170 0.448 0.468
Mn 0.005 0.006 0.004 0.006 0.007 0.006 0.009 0.004 0.007 0.003 0.011 0.009
Ni 0.000 0.002 0.002 0.000 0.002 0.002 0.002 0.000 0.001 0.001 0.000 0.000
Mg 0.904 0.957 0.992 0.971 0.943 0.911 0.842 0.991 0.974 1.027 0.748 0.755
Ca 0.804 0.792 0.791 0.790 0.788 0.785 0.784 0.782 0.775 0.761 0.752 0.750
Na 0.011 0.008 0.011 0.009 0.011 0.010 0.013 0.011 0.009 0.009 0.013 0.012
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Wo 0.411 0.404 0.404 0.400 0.403 0.405 0.399 0.402 0.394 0.389 0.386 0.380
En 0.462 0.488 0.507 0.492 0.482 0.470 0.429 0.509 0.495 0.524 0.384 0.383
Fs 0.128 0.109 0.090 0.108 0.115 0.125 0.172 0.090 0.111 0.087 0.230 0.237
Mg# 78.37 81.80 84.98 82.05 80.80 79.01 71.33 85.02 81.63 85.78 62.54 61.72




Table 15 cont. 
 
Sample MC 7-1 MC 7-1 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4
Flow WP 2Sp WP 2Sp WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU
Crystal 239 250 188 179 188 170 162 179 161 172 179 174
    
SiO2 51.40 52.83 52.43 52.12 52.12 52.40 51.99 52.72 52.18 53.03 52.63 52.88
TiO2 0.26 0.15 0.74 0.41 1.00 0.17 0.15 0.25 0.11 0.13 0.14 0.28
Al2O3 2.25 2.57 2.07 2.33 2.09 3.06 2.40 2.36 2.47 2.16 2.85 2.45
Cr2O3 0.02 0.29 0.73 0.77 0.65 1.10 1.08 0.82 0.97 0.75 1.00 0.87
FeO 11.36 6.61 5.09 5.08 4.95 4.34 4.17 5.07 4.54 4.39 4.59 4.95
MnO 0.28 0.12 0.08 0.10 0.14 0.10 0.09 0.06 0.11 0.09 0.08 0.10
NiO 0.00 0.06 0.09 0.09 0.06 0.08 0.03 0.01 0.06 0.04 0.09 0.04
MgO 15.74 18.61 17.61 17.76 17.43 18.23 18.78 18.15 18.37 19.18 18.67 18.29
CaO 18.64 18.84 21.16 20.72 20.49 20.65 20.14 20.21 19.91 20.15 20.17 19.83
Na2O 0.17 0.13 0.32 0.26 0.44 0.16 0.16 0.22 0.27 0.14 0.15 0.18
K2O 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Total 100.13 100.24 100.31 99.64 99.37 100.29 98.99 99.88 99.00 100.06 100.38 99.88
    
Si 1.921 1.927 1.917 1.916 1.920 1.905 1.913 1.927 1.921 1.928 1.911 1.929
Ti 0.007 0.004 0.020 0.011 0.028 0.005 0.004 0.007 0.003 0.004 0.004 0.008
Al 0.099 0.111 0.089 0.101 0.091 0.131 0.104 0.101 0.107 0.093 0.122 0.105
Cr 0.001 0.008 0.021 0.022 0.019 0.032 0.031 0.024 0.028 0.021 0.029 0.025
Fe 0.355 0.202 0.156 0.156 0.152 0.132 0.128 0.155 0.140 0.133 0.139 0.151
Mn 0.009 0.004 0.002 0.003 0.004 0.003 0.003 0.002 0.004 0.003 0.002 0.003
Ni 0.000 0.002 0.003 0.003 0.002 0.002 0.001 0.000 0.002 0.001 0.003 0.001
Mg 0.877 1.012 0.960 0.973 0.957 0.988 1.030 0.989 1.008 1.039 1.010 0.995
Ca 0.746 0.736 0.829 0.816 0.809 0.805 0.794 0.791 0.785 0.785 0.785 0.775
Na 0.012 0.009 0.023 0.018 0.032 0.011 0.011 0.016 0.019 0.010 0.010 0.013
K 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
    
Wo 0.377 0.378 0.426 0.419 0.422 0.418 0.407 0.409 0.406 0.401 0.406 0.404
En 0.443 0.519 0.494 0.500 0.499 0.513 0.528 0.511 0.521 0.531 0.522 0.518
Fs 0.179 0.103 0.080 0.080 0.079 0.069 0.066 0.080 0.072 0.068 0.072 0.079
Mg# 71.18 83.39 86.05 86.17 86.26 88.22 88.92 86.45 87.82 88.62 87.88 86.82




Table 15 cont. 
 
Sample MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-4 MC 5-5 MC 5-5
Flow WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eU WP 3eSp WP 3eSp
Crystal 183 185 183 170 168 163 190 172 185 219 212
   
SiO2 53.08 53.46 52.81 52.71 52.14 52.56 52.28 53.65 53.66 52.02 52.11
TiO2 0.29 0.10 0.16 0.16 0.18 0.11 0.14 0.11 0.10 0.22 0.29
Al2O3 2.06 1.88 2.54 3.05 3.13 2.04 3.17 2.00 1.91 3.13 1.82
Cr2O3 0.69 0.79 1.21 1.14 1.08 0.79 0.98 0.86 0.85 0.60 0.21
FeO 4.92 4.22 4.27 4.45 4.70 4.23 4.50 4.08 4.55 4.99 7.07
MnO 0.09 0.15 0.13 0.04 0.16 0.10 0.15 0.13 0.09 0.11 0.14
NiO 0.04 0.12 0.10 0.05 0.05 0.06 0.05 0.09 0.02 0.01 0.09
MgO 18.68 19.62 18.87 18.52 18.76 19.06 18.47 19.32 19.85 16.19 15.83
CaO 19.84 19.98 19.69 19.64 19.58 19.34 19.05 19.23 18.71 22.93 22.63
Na2O 0.22 0.14 0.16 0.18 0.15 0.11 0.16 0.11 0.16 0.21 0.21
K2O 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.00
Total 99.91 100.46 99.94 99.95 99.94 98.41 98.95 99.59 99.91 100.41 100.40
   
Si 1.935 1.934 1.921 1.916 1.901 1.938 1.918 1.949 1.945 1.906 1.927
Ti 0.008 0.003 0.004 0.004 0.005 0.003 0.004 0.003 0.003 0.006 0.008
Al 0.089 0.080 0.109 0.131 0.134 0.089 0.137 0.086 0.082 0.135 0.079
Cr 0.020 0.023 0.035 0.033 0.031 0.023 0.028 0.025 0.024 0.017 0.006
Fe 0.150 0.128 0.130 0.135 0.143 0.130 0.138 0.124 0.138 0.153 0.219
Mn 0.003 0.005 0.004 0.001 0.005 0.003 0.005 0.004 0.003 0.004 0.004
Ni 0.001 0.004 0.003 0.001 0.001 0.002 0.001 0.003 0.000 0.000 0.003
Mg 1.015 1.058 1.023 1.004 1.020 1.048 1.010 1.046 1.072 0.884 0.873
Ca 0.775 0.774 0.767 0.765 0.765 0.764 0.749 0.749 0.727 0.900 0.896
Na 0.016 0.010 0.012 0.012 0.010 0.008 0.011 0.008 0.011 0.015 0.015
K 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
   
Wo 0.399 0.395 0.400 0.402 0.397 0.393 0.395 0.390 0.375 0.465 0.451
En 0.523 0.540 0.533 0.527 0.529 0.539 0.532 0.545 0.554 0.456 0.439
Fs 0.077 0.065 0.068 0.071 0.074 0.067 0.073 0.065 0.071 0.079 0.110
Mg# 87.13 89.23 88.74 88.12 87.68 88.93 87.98 89.41 88.61 85.26 79.97




Table 15 cont. 
 
Sample MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-5 MC 5-6 MC 5-6 MC 5-6 MC 5-6
Flow WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp
Crystal 202 209 209 224 226 224 212 113 107 103 106
   
SiO2 51.38 51.62 51.91 51.94 50.43 51.81 52.00 52.03 51.25 51.63 52.11
TiO2 0.22 0.20 0.15 0.17 0.95 0.21 0.19 0.18 0.30 0.24 0.19
Al2O3 3.67 3.22 2.97 3.28 2.56 3.35 3.18 2.98 2.08 2.28 2.73
Cr2O3 0.85 0.94 1.11 1.10 0.48 1.09 1.04 0.15 0.01 0.06 0.17
FeO 5.06 5.24 5.34 5.43 10.07 5.13 5.83 6.96 12.17 9.65 7.00
MnO 0.12 0.11 0.10 0.16 0.19 0.06 0.14 0.22 0.28 0.20 0.15
NiO 0.03 0.06 0.07 0.07 0.08 0.04 0.07 0.08 0.08 0.01 0.04
MgO 15.73 17.28 17.72 17.85 15.04 17.70 18.05 16.27 14.18 15.53 17.69
CaO 22.40 21.25 20.01 20.07 19.30 19.40 19.30 20.74 19.65 19.58 19.95
Na2O 0.24 0.17 0.15 0.13 0.36 0.13 0.13 0.22 0.21 0.13 0.11
K2O 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.01
Total 99.70 100.10 99.53 100.20 99.46 98.92 99.95 99.83 100.22 99.33 100.15
   
Si 1.896 1.893 1.908 1.898 1.897 1.909 1.903 1.921 1.928 1.933 1.913
Ti 0.006 0.006 0.004 0.005 0.027 0.006 0.005 0.005 0.008 0.007 0.005
Al 0.160 0.139 0.129 0.141 0.113 0.145 0.137 0.130 0.092 0.101 0.118
Cr 0.025 0.027 0.032 0.032 0.014 0.032 0.030 0.004 0.000 0.002 0.005
Fe 0.156 0.161 0.164 0.166 0.317 0.158 0.178 0.215 0.383 0.302 0.215
Mn 0.004 0.003 0.003 0.005 0.006 0.002 0.004 0.007 0.009 0.006 0.005
Ni 0.001 0.002 0.002 0.002 0.002 0.001 0.002 0.002 0.002 0.000 0.001
Mg 0.865 0.945 0.971 0.972 0.844 0.972 0.985 0.895 0.795 0.867 0.968
Ca 0.885 0.835 0.788 0.786 0.778 0.766 0.757 0.820 0.792 0.785 0.785
Na 0.017 0.012 0.010 0.009 0.026 0.009 0.009 0.016 0.016 0.010 0.008
K 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000
   
Wo 0.464 0.430 0.410 0.408 0.401 0.404 0.394 0.425 0.402 0.402 0.399
En 0.454 0.487 0.505 0.505 0.435 0.513 0.513 0.464 0.404 0.444 0.492
Fs 0.082 0.083 0.085 0.086 0.163 0.083 0.093 0.111 0.194 0.155 0.109
Mg# 84.71 85.46 85.54 85.42 72.70 86.01 84.66 80.65 67.50 74.15 81.83




Table 15 cont. 
 
Sample MC 5-6 MC 5-6 MC 5-6 MC 5-6 MC 5-6 MC 5-6 MC 5-6 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4
Flow WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 3eSp WP 4M WP 4M WP 4M WP 4M WP 4M
Crystal 116 109 107 103 109 109 105 54 69 64 52 55
   
SiO2 51.62 52.20 51.71 50.73 50.76 49.35 51.20 52.66 48.96 47.79 50.07 50.95
TiO2 0.19 0.20 0.24 0.32 0.35 0.45 0.31 0.29 0.66 1.02 0.45 0.40
Al2O3 3.63 1.86 2.22 2.25 2.10 1.36 2.32 3.01 7.94 9.81 6.23 4.93
Cr2O3 0.10 0.00 0.07 0.02 0.00 0.03 0.00 0.76 0.11 0.08 0.06 0.16
FeO 6.99 8.86 9.44 12.08 12.97 21.70 11.84 4.60 5.09 6.04 5.07 5.42
MnO 0.11 0.27 0.25 0.28 0.30 0.45 0.26 0.14 0.11 0.09 0.10 0.15
NiO 0.04 0.02 0.04 0.01 0.04 0.01 0.00 0.04 0.12 0.13 0.11 0.11
MgO 16.93 16.85 16.16 14.55 13.95 8.80 15.06 18.29 16.40 14.82 16.93 18.05
CaO 19.69 19.32 19.20 18.68 18.48 17.67 17.87 21.06 20.45 20.31 20.07 20.16
Na2O 0.12 0.14 0.17 0.15 0.21 0.14 0.15 0.10 0.16 0.15 0.14 0.10
K2O 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00
Total 99.42 99.72 99.51 99.07 99.16 99.95 99.03 100.97 100.00 100.23 99.25 100.43
   
Si 1.906 1.938 1.930 1.925 1.931 1.941 1.934 1.904 1.791 1.751 1.841 1.855
Ti 0.005 0.006 0.007 0.009 0.010 0.013 0.009 0.008 0.018 0.028 0.012 0.011
Al 0.158 0.081 0.098 0.101 0.094 0.063 0.103 0.128 0.342 0.424 0.270 0.212
Cr 0.003 0.000 0.002 0.001 0.000 0.001 0.000 0.022 0.003 0.002 0.002 0.005
Fe 0.216 0.275 0.295 0.383 0.413 0.714 0.374 0.139 0.156 0.185 0.156 0.165
Mn 0.003 0.009 0.008 0.009 0.010 0.015 0.008 0.004 0.003 0.003 0.003 0.004
Ni 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.001 0.004 0.004 0.003 0.003
Mg 0.932 0.933 0.899 0.823 0.791 0.516 0.848 0.986 0.894 0.809 0.928 0.980
Ca 0.779 0.769 0.768 0.759 0.753 0.745 0.723 0.816 0.801 0.797 0.791 0.787
Na 0.009 0.010 0.012 0.011 0.015 0.010 0.011 0.007 0.011 0.010 0.010 0.007
K 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000
   
Wo 0.404 0.389 0.391 0.386 0.385 0.377 0.372 0.420 0.433 0.445 0.422 0.407
En 0.484 0.472 0.458 0.419 0.404 0.261 0.436 0.508 0.483 0.452 0.495 0.507
Fs 0.112 0.139 0.150 0.195 0.211 0.362 0.192 0.072 0.084 0.103 0.083 0.085
Mg# 81.19 77.22 75.32 68.22 65.72 41.96 69.39 87.64 85.17 81.39 85.62 85.58




Table 15 cont. 
 
Sample MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-4 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3 MC 4-3
Flow WP 4M WP 4M WP 4M WP 4M WP 4M WP 4M WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U WP 4U
Crystal 71 72 55 54 60 66 81 84 91 87 88 84 94
    
SiO2 53.42 51.45 53.48 53.44 51.56 53.43 47.28 49.75 49.69 51.07 47.85 52.65 52.85
TiO2 0.15 0.33 0.19 0.17 0.32 0.19 0.61 0.44 0.36 0.32 0.73 0.20 0.19
Al2O3 2.23 4.81 1.90 2.22 4.27 2.46 8.89 6.32 6.95 4.87 8.69 2.85 2.85
Cr2O3 0.25 0.10 0.42 0.21 0.16 0.17 0.05 0.00 0.08 0.10 0.06 0.36 0.20
FeO 4.32 5.03 4.98 4.96 5.62 6.25 8.17 7.03 7.00 6.44 8.69 5.61 5.82
MnO 0.12 0.10 0.15 0.12 0.08 0.15 0.16 0.18 0.21 0.13 0.18 0.12 0.12
NiO 0.09 0.14 0.10 0.15 0.13 0.15 0.01 0.09 0.04 0.06 0.03 0.05 0.07
MgO 18.93 18.38 19.46 19.93 18.86 21.40 14.34 16.56 15.81 17.52 15.50 19.45 20.03
CaO 20.18 19.71 18.84 18.85 17.84 15.76 19.70 19.60 19.45 19.13 18.92 18.17 17.25
Na2O 0.12 0.11 0.11 0.09 0.15 0.06 0.16 0.16 0.15 0.11 0.15 0.12 0.11
K2O 0.00 0.01 0.01 0.00 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.00 0.01
Total 99.81 100.17 99.64 100.14 98.99 100.03 99.39 100.14 99.74 99.75 100.80 99.58 99.49
    
Si 1.942 1.870 1.947 1.935 1.891 1.931 1.763 1.828 1.830 1.873 1.759 1.921 1.925
Ti 0.004 0.009 0.005 0.005 0.009 0.005 0.017 0.012 0.010 0.009 0.020 0.006 0.005
Al 0.096 0.206 0.082 0.095 0.185 0.105 0.391 0.274 0.302 0.210 0.377 0.122 0.122
Cr 0.007 0.003 0.012 0.006 0.005 0.005 0.001 0.000 0.002 0.003 0.002 0.010 0.006
Fe 0.131 0.153 0.152 0.150 0.172 0.189 0.255 0.216 0.216 0.197 0.267 0.171 0.177
Mn 0.004 0.003 0.005 0.004 0.003 0.005 0.005 0.006 0.007 0.004 0.006 0.004 0.004
Ni 0.003 0.004 0.003 0.004 0.004 0.004 0.000 0.003 0.001 0.002 0.001 0.001 0.002
Mg 1.026 0.996 1.056 1.076 1.031 1.153 0.797 0.907 0.868 0.958 0.850 1.058 1.088
Ca 0.786 0.768 0.735 0.731 0.701 0.610 0.787 0.772 0.767 0.752 0.745 0.710 0.673
Na 0.008 0.008 0.008 0.006 0.010 0.004 0.012 0.011 0.011 0.008 0.011 0.008 0.007
K 0.000 0.001 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000
    
Wo 0.404 0.401 0.378 0.374 0.368 0.313 0.428 0.407 0.415 0.394 0.400 0.366 0.347
En 0.528 0.520 0.544 0.550 0.541 0.591 0.433 0.479 0.469 0.502 0.456 0.545 0.561
Fs 0.068 0.080 0.078 0.077 0.091 0.097 0.139 0.114 0.116 0.104 0.143 0.088 0.091
Mg# 88.65 86.69 87.45 87.75 85.68 85.92 75.78 80.77 80.10 82.90 76.07 86.07 85.98




Table 15 cont. 
 
Sample MC 4-3 MC 4-3 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 SA 700-4 Average
Flow WP 4U WP 4U WP 7L WP 7L WP 7L WP 7L WP 7L WP 7L
Crystal 88 81 22 23 20 21 17 18
    
SiO2 52.10 53.49 50.46 52.26 51.53 50.89 51.59 52.00 51.80
TiO2 0.22 0.15 0.56 0.31 0.29 0.54 0.40 0.24 0.28
Al2O3 3.64 2.45 4.17 3.06 2.61 3.99 3.61 2.24 3.21
Cr2O3 0.35 0.19 0.39 0.24 0.29 0.68 0.60 0.46 0.43
FeO 6.44 6.86 5.30 5.06 5.03 5.45 5.38 6.45 6.33
MnO 0.14 0.20 0.11 0.08 0.17 0.11 0.12 0.13 0.15
NiO 0.04 0.06 0.07 0.12 0.08 0.06 0.06 0.15 0.06
MgO 19.53 21.20 16.13 17.68 18.48 16.76 19.07 20.46 17.72
CaO 17.12 15.75 22.47 20.89 20.72 20.56 18.65 15.89 19.51
Na2O 0.12 0.08 0.14 0.15 0.14 0.19 0.16 0.14 0.15
K2O 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00
Total 99.70 100.43 99.78 99.86 99.34 99.23 99.64 98.19 99.65
    
Si 1.900 1.930 1.864 1.912 1.900 1.881 1.886 1.924 1.905
Ti 0.006 0.004 0.015 0.009 0.008 0.015 0.011 0.007 0.008
Al 0.156 0.104 0.182 0.132 0.114 0.174 0.156 0.098 0.139
Cr 0.010 0.006 0.011 0.007 0.008 0.020 0.017 0.013 0.013
Fe 0.196 0.207 0.164 0.155 0.155 0.168 0.165 0.200 0.196
Mn 0.004 0.006 0.003 0.002 0.005 0.003 0.004 0.004 0.005
Ni 0.001 0.002 0.002 0.004 0.002 0.002 0.002 0.005 0.002
Mg 1.062 1.140 0.888 0.964 1.016 0.923 1.040 1.128 0.970
Ca 0.669 0.609 0.889 0.819 0.818 0.814 0.731 0.630 0.769
Na 0.008 0.006 0.010 0.011 0.010 0.014 0.011 0.010 0.011
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
    
Wo 0.347 0.311 0.458 0.423 0.411 0.427 0.378 0.322 0.397
En 0.551 0.583 0.458 0.498 0.511 0.484 0.537 0.576 0.501
Fs 0.102 0.106 0.084 0.080 0.078 0.088 0.085 0.102 0.101
Mg# 84.39 84.64 84.44 86.17 86.75 84.57 86.34 84.97 83.23
Al2O3/TiO2 16.74 15.98 7.51 9.80 8.94 7.39 9.03 9.40 13.31
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APPENDIX B: XRF UNCERTAINTY AND RESULTS 
This appendix includes error calibration data and full result tables for WPC XRF rock 
analyses conducted at the WSU GeoAnalytical Lab in Spring of 2006. 
XRF UNCERTAINTY 
Table 16 – Uncertainty table for XRF analyses at the WSU GeoAnalytical Lab. The first 
data column contains 2-sigma lower limits of detection calculated in March of 2006 from 
approximately 250 repeat analyses over the course of 14 months. Major element 
calculations are based on normalized analyses. The final four columns contain means and 
standard deviations from seven repeat analyses of two standard reference beads over a 
three week period in Fall of 1997 as part of an internal study of XRF instrument precision 
at WSU. Further information from the internal study of XRF instrument precision at WSU 
can be obtained at http://www.wsu.edu/~geolab/note/xrf.html. 
 
 LOD BCR-P  GSP-1  
wt.% (~250) Mean (7) Std Dev Mean (7) Std Dev 
SiO2 0.19 55.16 0.03 68.27 0.04 
Al2O3 0.082 13.62 0.02 15.33 0.02 
FeO 0.18 12.73 0.02 3.86 0.00 
MgO 0.073 3.52 0.05 1.06 0.06 
CaO 0.043 6.99 0.02 2.02 0.01 
Na2O 0.036 3.38 0.05 2.88 0.02 
K2O 0.015 1.74 0.00 5.58 0.01 
TiO2 0.012 2.29 0.009 0.66 0.004 
MnO 0.002 0.18 0.001 0.04 0.001 
P2O5   0.003 0.38 0.001 0.29 0.002 
        
ppm        
Ba 11.7 745 11 1296 9 
Sc  1.6 26 2 7 2 
Cr 3.0 28 1 15 1 
Ni 3.5 0 0 17 1 
Sr 4.6 326 0 233 0 
V 5.0 401 7 54 5 
Y 1.2 36 0 30 0 
Zr 3.9 176 1 527 2 
 Rb 1.7 46 0 253 1 
 Nb 1.2 13.2 0.6 27.5 0.5 
 Ga 2.7 23 1 22 1 
 Cu 7.4 12 2 32 1 
 Zn 3.3 124 2 106 2 
 Pb 2.6 10 2 52 1 
La 5.7 19 8 183 7 
Ce 7.9 51 11 403 7 
Th 1.6 8 1 106 2 
Nd 4.3 - - - - 
U 2.7 - - - - 
Bi 2.0 - - - - 




Table 17 – Major and trace element compositions of bulk rocks from the WPC komatiites by XRF analyses. Major elements 
are normalized to 100% on an anhydrous basis and the trace elements are normalized in each sample by the same factor. 
 





























Flow WP 1L WP 2L WP 2Sp WP 3 WP 3eL WP 3eU WP 3eSp WP 4L WP WP 7L WP 7U WP 7U WP 7U WP 9L WP 9U 
wt.%                
 SiO2   45.31 46.88 48.54 53.71 44.94 49.62 48.32 46.81 45.14 46.17 56.48 55.72 54.90 47.93 46.08 
 TiO2   0.10 0.14 0.42 0.37 0.06 0.16 0.22 0.07 0.08 0.14 0.42 0.57 0.44 0.16 0.10 
 Al2O3  2.94 4.07 13.02 11.55 1.66 3.93 6.68 2.49 2.48 2.87 10.77 10.60 10.32 4.27 2.77 
 FeO* 8.48 9.08 6.39 10.25 6.76 9.22 9.74 8.82 8.00 8.19 9.19 10.02 10.14 9.36 9.72 
 MnO    0.14 0.16 0.14 0.09 0.12 0.16 0.15 0.11 0.12 0.11 0.18 0.18 0.17 0.15 0.12 
 MgO    40.05 36.19 11.00 11.90 45.68 31.71 26.02 41.51 42.06 39.80 11.65 9.54 10.78 36.20 39.91 
 CaO    2.84 3.36 20.20 8.25 0.67 5.06 8.38 0.10 1.98 2.59 7.14 10.86 9.16 1.78 1.19 
 Na2O   0.10 0.10 0.25 3.75 0.09 0.11 0.45 0.08 0.11 0.11 4.03 2.42 4.00 0.08 0.08 
 K2O    0.00 0.00 0.00 0.09 0.00 0.02 0.02 0.00 0.01 0.01 0.09 0.03 0.06 0.04 0.00 
 P2O5   0.02 0.02 0.04 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.05 0.06 0.04 0.03 0.02 
Al2O3/TiO2 29.14 28.43 30.95 31.62 26.33 24.51 30.37 33.74 30.80 20.91 25.77 18.52 23.62 26.21 27.35 
CaO/Al2O3 0.966 0.824 1.552 0.714 0.404 1.288 1.255 0.038 0.797 0.903 0.663 1.024 0.887 0.417 0.431 
n.ppm                
 Ni     2168 2066 146 144 2905 1296 916 2547 2434 2364 163 118 131 2173 2269 
 Cr     3651 4155 221 819 1878 3438 3793 3179 3598 2079 780 561 610 2769 7746 
 Sc 12.67 17.96 42.07 40.46 8.53 21.30 32.75 11.13 11.53 13.94 34.89 38.01 39.53 15.25 12.44 
 V      69.90 91.91 262.69 247.28 38.90 103.21 148.48 56.14 58.61 70.34 201.96 222.07 222.80 83.54 71.06 
 Ba 2.03 6.31 0.00 30.86 5.46 2.98 2.94 16.53 2.96 7.53 33.88 17.72 9.10 17.15 8.02 
 Rb 0.00 0.00 0.00 0.58 0.34 2.19 0.15 0.82 1.09 0.96 0.43 0.00 3.70 9.21 0.65 
 Sr 6.10 2.43 10.89 111.49 2.90 1.41 4.02 0.98 0.62 0.00 24.32 236.36 18.20 6.19 14.08 
 Zr 12.51 13.27 26.55 22.41 10.24 16.29 16.53 10.80 9.98 15.22 40.10 43.30 29.86 17.95 13.59 
 Y 4.38 5.02 12.23 10.92 2.90 6.42 7.42 3.11 2.96 4.49 13.03 19.72 12.37 4.13 4.91 
 Nb 2.97 1.94 1.64 2.33 2.22 2.35 2.16 1.96 0.78 2.24 2.75 3.29 2.84 2.06 0.82 
 Ga 3.13 4.53 7.31 13.10 2.22 4.70 8.34 2.13 1.71 3.04 11.87 9.86 9.81 3.97 3.77 
 Cu 23.77 14.24 7.16 7.13 6.65 17.85 6.33 13.26 17.61 27.08 61.24 103.75 100.67 10.01 33.40 
 Zn 50.35 62.78 21.78 28.67 35.65 56.38 52.07 52.04 45.52 45.51 70.51 72.74 61.14 57.81 77.44 
 Pb 1.41 0.00 0.00 0.58 1.71 0.00 0.00 1.47 0.47 0.00 0.00 3.14 0.00 1.11 0.16 
 La 0.94 1.13 0.00 1.89 0.00 2.35 1.24 0.00 4.05 2.24 5.50 3.57 4.41 2.38 2.13 
 Ce 0.00 2.59 0.00 10.62 0.00 0.00 0.00 1.31 0.16 2.56 3.33 13.00 5.97 3.97 0.00 
 Th 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 Nd 1.41 3.07 0.00 4.22 0.00 2.19 3.40 0.33 3.74 0.00 3.91 5.57 2.99 4.61 3.44 
U 0.00 0.49 1.94 0.00 1.54 2.19 0.93 0.00 0.94 1.12 0.14 0.57 2.70 0.00 0.00 
Bi 9.85 12.14 12.23 13.54 7.85 12.06 12.98 9.33 10.44 11.22 12.60 13.58 12.80 11.59 14.24 
Cs 0.00 0.00 0.00 0.00 0.61 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 2.54 0.00 
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APPENDIX C: ICP-MS UNCERTAINTY AND RESULTS 
This appendix includes uncertainty data and full result tables for WPC ICP-MS rock 
analyses conducted at the WSU GeoAnalytical Lab in Spring of 2006. 
ICP-MS UNCERTAINTY 
Table 18 – Uncertainty table for ICP-MS analyses at the WSU GeoAnalytical Lab based upon 
an internal study within the lab. The first data column contains lower limits of detection. The 
final four data columns contain repeat analyses of two standards as unknowns. Further 
information from the internal study of ICP-MS precision and accuracy at WSU can be 
obtained at http://www.wsu.edu/~geolab/note/icpms.html. 
 
   BCR-P   TED   
ppm LOD  Mean (50) Std dev Mean (62) Std dev 
La 0.007 26.260 0.488 4.250 0.096 
Ce  0.012 51.666 0.620 9.868 0.140 
Pr 0.009 6.315 0.062 1.579 0.030 
Nd 0.045 27.363 0.480 8.197 0.121 
Sm 0.014 7.034 0.145 2.995 0.059 
Eu  0.010 2.139 0.041 1.171 0.024 
Gd  0.026 6.746 0.076 3.987 0.060 
Tb  0.007 1.173 0.013 0.746 0.014 
Dy  0.024 7.137 0.095 5.026 0.070 
Ho  0.006 1.436 0.022 1.097 0.015 
Er  0.021 4.046 0.055 3.117 0.050 
Tm 0.006 0.547 0.007 0.456 0.008 
Yb  0.023 3.357 0.031 2.892 0.034 
Lu 0.007 0.523 0.010 0.462 0.010 
Ba 0.258 670.50 12.68 71.33 1.76 
Th 0.009 5.13 0.49 0.39 0.03 
Nb 0.018 13.31 0.29 2.68 0.13 
Y 0.015 38.11 0.29 28.85 0.50 
Hf 0.032 4.67 0.07 1.88 0.04 
Ta 0.014 0.82 0.02 0.17 0.02 
U 0.014 1.15 0.11 0.14 0.01 
Pb 0.204 9.11 0.29 0.88 0.09 
Rb 0.057 48.06 0.67 4.23 0.28 
Cs 0.014 0.96 0.03 0.10 0.01 
Sr 0.115 - - 209 3.24 





Table 19 – Trace element compositions of bulk rocks from the WPC komatiites by ICP-MS analyses. 
 
Sample MC 6-4 MC 7-3 MC 7-1 MC 8-3 MC 5-2 MC 5-4 MC 5-5 MC 4-1 MC 4-4 SA 700-4 SA 355-4 SA 355-3
Flow WP 1L WP 2L WP 2Sp WP 3 WP 3eL WP 3eU WP 3eSp WP 4L WP 4M WP 7L WP 7U WP 7U
ppm    
La 0.20 0.24 0.43 0.63 0.12 0.34 0.46 0.23 0.40 0.39 2.71 2.63
Ce 0.50 0.64 1.49 1.71 0.29 0.89 1.15 0.48 0.86 1.00 6.18 5.92
Pr 0.07 0.10 0.30 0.28 0.04 0.13 0.18 0.07 0.11 0.15 0.81 0.89
Nd 0.39 0.53 1.78 1.58 0.24 0.74 0.98 0.39 0.56 0.78 3.91 4.59
Sm 0.18 0.23 0.78 0.67 0.10 0.31 0.41 0.15 0.21 0.30 1.26 1.66
Eu 0.07 0.10 0.36 0.31 0.04 0.11 0.19 0.08 0.07 0.11 0.41 0.65
Gd 0.28 0.39 1.23 1.05 0.16 0.48 0.62 0.24 0.28 0.41 1.62 2.34
Tb 0.06 0.08 0.25 0.22 0.03 0.09 0.13 0.04 0.05 0.08 0.30 0.45
Dy 0.40 0.55 1.80 1.57 0.22 0.68 0.94 0.31 0.36 0.53 2.04 3.04
Ho 0.09 0.12 0.41 0.36 0.05 0.15 0.21 0.07 0.08 0.11 0.45 0.67
Er 0.27 0.36 1.16 1.04 0.15 0.43 0.59 0.21 0.23 0.31 1.24 1.89
Tm 0.04 0.05 0.17 0.16 0.02 0.07 0.09 0.03 0.03 0.05 0.18 0.27
Yb 0.25 0.35 1.10 1.01 0.13 0.43 0.60 0.19 0.22 0.30 1.15 1.64
Lu 0.04 0.06 0.18 0.16 0.02 0.07 0.10 0.03 0.03 0.05 0.19 0.27
Ba 0.66 4.05 2.48 22.79 0.31 2.17 7.24 7.14 3.68 0.83 31.26 20.59
Th 0.02 0.03 0.06 0.05 0.02 0.03 0.03 0.03 0.07 0.05 0.40 0.29
Nb 0.15 0.20 0.60 0.49 0.08 0.25 0.33 0.13 0.24 0.27 1.44 1.63
Y 2.44 3.22 10.73 9.50 1.31 3.93 5.61 1.89 2.07 2.90 11.83 19.56
Hf 0.12 0.17 0.54 0.47 0.06 0.22 0.28 0.10 0.12 0.18 0.92 1.03
Ta 0.01 0.01 0.04 0.03 0.01 0.02 0.02 0.01 0.02 0.02 0.09 0.12
U 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.09 0.07
Pb 0.10 0.12 0.13 0.16 0.06 0.15 0.13 0.21 0.16 0.56 0.90 1.16
Rb 0.50 0.88 0.21 1.55 0.16 2.85 0.74 0.90 0.90 0.99 1.17 0.63
Cs 0.13 0.56 0.12 0.57 0.03 1.44 0.66 1.28 0.12 0.41 0.39 0.24
Sr 5.82 3.06 10.16 101.39 2.59 2.81 4.76 2.32 3.53 1.22 23.58 226.86
Sc 11.74 15.12 33.73 39.30 7.35 17.87 28.66 10.77 10.20 11.71 36.07 38.45




Table 19 cont. 
 
Sample SA 355-1 SA 355-7 SA 355-6
Flow WP 7U WP 9L WP 9U
ppm   
La 1.02 0.89 0.38
Ce 2.70 1.89 0.90
Pr 0.43 0.24 0.13
Nd 2.34 1.14 0.64
Sm 0.96 0.39 0.22
Eu 0.40 0.14 0.15
Gd 1.48 0.51 0.31
Tb 0.28 0.10 0.06
Dy 1.92 0.67 0.40
Ho 0.42 0.14 0.09
Er 1.19 0.40 0.25
Tm 0.18 0.06 0.04
Yb 1.10 0.39 0.23
Lu 0.18 0.06 0.04
Ba 8.30 8.45 2.88
Th 0.10 0.20 0.06
Nb 0.83 0.49 0.23
Y 11.16 3.89 2.48
Hf 0.64 0.28 0.15
Ta 0.05 0.04 0.02
U 0.03 0.06 0.01
Pb 0.32 0.62 0.59
Rb 2.50 7.50 0.97
Cs 0.93 5.55 1.45
Sr 18.60 6.73 12.64
Sc 49.62 15.66 11.05




APPENDIX D: MELTS MODEL CONDITIONS AND RESULTS 
A discussion of the procedures for estimating the WPC parent magma composition used for 
MELTS modeling along with full data tables for WPC MELTS modeling results are given in this 
appendix. 
PARENT MAGMA COMPOSITION 
 To model the crystallization of the WPC komatiites, it is necessary to estimate a 
composition for the original liquid from which they crystallized. This composition, used for 
modeling, will most closely estimate the composition of the WP 1 – 4 flows. The random olivine-
spinifex-textured portions of komatiitic flows are considered to represent quenched liquids and 
preserve the initial composition of their flows parent magma (Arndt, 1994; Smith et al., 1980). 
However, no olivine spinifex is present in the WPC, making estimation of a parent magma 
composition more challenging. The parent magma composition of related komatiitic flows can also 
be estimated from a series of samples which vary in the proportion of olivine they gained or lost to 
accumulation processes before emplacement and thus plot along olivine accumulation trend lines. 
The position of the parent magma composition along these olivine accumulation trend lines can be 
estimated from the Mg# and MgO content of the primitive olivine (Nisbet, 1982; Nisbet et al., 
1993) controlling their differentiation. This primitive olivine composition can be determined in two 
ways. Electron microprobe analyses of the most magnesian olivine cores provide a minimum 
estimate. However, subsolidus reequilibration (volume diffusion) is common in komatiitic olivines 
and is indicated by the narrow Mg# range of WPC olivine analyses. An ~1% underestimate of 
maximum Mg# might be expected, similar to the difference in experimentally calculated versus 
observed olivine maximum Mg#s determined elsewhere in the Weltevreden (Kareem, 2005) where 
olivine spinifex was present to provide a proxy for original liquid composition. A second method 
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relies on bulk rock olivine accumulation trends for components which are highly incompatible in 
olivine such as Al2O3 and TiO2 and thus should approach zero concentration at the MgO content of 
primitive olivine. This method should be more accurate because it relies on the immobility of the 
components involved at the rock sample scale, rather than the inter-crystal or intra-crystal scale, and 
because olivine accumulation trends are strongly linear for Al and Ti versus MgO (Figure 24). 
 WPC olivine accumulation trends for Al2O3 and TiO2 versus MgO (Figure 24) approach 
zero at ~52 wt.% MgO, indicating that MgO content in primitive olivine. WPC olivine microprobe 
analyses show a maximum Mg# of 92.9 (Figure 17). Both of these numbers were compared to the 
relationship of olivine and liquid MgO content through the crystallization sequence in the MELTS 
modeling results of Kareem (2005). In these results, a primitive olivine with 52 wt.% MgO 
(equivalent to Mg# 94.1) correlates to a liquid with an eruption temperature of 1540°C with 26.3 
wt.% MgO. A primitive olivine with Mg# 92.9 (equivalent to 51 wt.% MgO) correlates to a liquid 
with an eruption temperature of 1490°C with 23 wt.% MgO. Given these estimates, it seems 
reasonable that the sample MC 5-5, a pyroxene spinifex komatiite from the WP 3e flow containing 
26 wt.% MgO and falling along most olivine accumulation trends, might represent a quenched 
liquid and a reasonable starting point for determining the parent magma composition of the WPC 
flows. Thus, several points of reference exist for estimating the contents of components other than 
MgO in WPC komatiites: the composition of the MC 5-5 sample, the intercept of olivine 
accumulation trends at 26 wt.% MgO, the MELTS modeling results of Kareem (2005) for a liquid 
evolved to ~26 wt.% MgO at 1540°C from the parent magma composition (determined from olivine 
spinifex) of geochemically similar Weltevreden komatiites, and additional literature on typical 
element ratios in komatiites. 
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A MgO content of 26 wt.% was assumed for the WPC parent magma. Contents of 6.6 wt.% 
Al2O3, 0.15 wt.% MnO, and 0.03 wt.% P2O5 in the MC 5-5 sample with 26 wt.% MgO were found 
to fall along olivine accumulation trends and were thus estimated for the WPC parent magma 
composition. The MC 5-5 sample contained 8.4 wt.% CaO but this was deemed to be anomalous 
because it fell above any rough olivine accumulation trend line (CaO appears to be mobile in WPC 
komatiites) and CaO:Al2O3 ratio is typically 1:1 in komatiitic magmas. Therefore, a 6.6 wt.% CaO 
content was estimated by this principle for the WPC parent magma.  The 48.3 wt.% SiO2 content of 
MC 5-5 fell well below the content indicated by the WPC olivine accumulation trend and 50 wt.% 
SiO2 proved a better fit. Thus, the most substantial addition and loss of major element components 
interpreted for the WP 3e spinifex sample MC 5-5 from a parent magma composition was an 
exchange of 1.7 - 1.8 wt.% SiO2 for CaO. The replacement of some groundmass silicates with more 
calcium-rich microcrystalline silicates or carbonates could produce this effect and would not be 
unexpected, as SiO2 and CaO are generally observed to be mobile in komatiites. The 9.7 wt.% bulk 
FeO content of MC 5-5 was adjusted to 10 wt.% to better fit the olivine accumulation trend line for 
FeO (Figure 23). Cr2O3 contents were difficult to estimate because Cr2O3 is affected by both olivine 
and chromite accumulation and the exact onset and kinetics of these processes may vary in each 
flow and produce differing compositional trajectories. Possible interpretations vary from the 0.55 
wt.% Cr2O3 in MC 5-5 to the 0.34 wt.% Cr2O3 along a general trend line including low-MgO 
samples. The highest possible total would result in chromites crystallizing before the first olivines, 
which has never been documented in komatiites, and might be expected to produce chromite 
cumulates. A composition of 0.42 wt.% Cr2O3 was estimated. Na2O and K2O are known to be 
highly mobile and were estimated from the general komatiite ratio of 100:10:1 for CaO:Na2O:K2O, 
thus yielding 0.66 wt.% Na2O and 0.06 wt.% K2O. NiO was increased from 0.12 to 0.15 wt.% and 
 141 
 
TiO2 was increased from 0.22 to 0.25 wt.% to better fit trends from cumulate and pyroxene spinifex 
komatiites as opposed to contents in the MC 5-5 sample. The resulting estimates totaled 100.92%. 
FeO and Fe2O3 were calculated from FeO* using redox equations at QFM + 0, which is a generally 
accepted moderate estimate for the oxidation state of komatiitic liquids. Results were then 
normalized to arrive at an estimated initial magma composition (Table 20). 
 
Table 20 – Estimated composition of WPC parent magma in oxide weight percent. Figures 
from MELTS modeling output will vary, in that they exclude Ni and Cr from normalization 
as trace elements to match the WSU XRF analysis format. 
 
SiO2 TiO2 Al2O3 FeO Fe2O3 MnO MgO CaO Na2O K2O P2O5 NiO Cr2O3 




MELTS MODELING RESULTS 
Table 21 – MELTS results for olivine. 
 
Temp 1540 1530 1520 1510 1500 1490 1480 1470 1460 1450 1440 1430 1420 1410 1400 
                
SiO2 41.51 41.47 41.43 41.39 41.35 41.31 41.26 41.21 41.17 41.12 41.07 41.02 40.97 40.91 40.86 
Al2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO 5.67 5.88 6.09 6.31 6.53 6.76 7.00 7.24 7.50 7.75 8.02 8.29 8.57 8.85 9.15 
MgO 52.08 51.90 51.73 51.54 51.36 51.17 50.97 50.77 50.56 50.35 50.13 49.91 49.68 49.45 49.21 
CaO 0.18 0.19 0.19 0.20 0.20 0.21 0.22 0.22 0.23 0.24 0.24 0.25 0.25 0.26 0.27 
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MnO 0.11 0.12 0.12 0.12 0.13 0.13 0.13 0.14 0.14 0.15 0.15 0.16 0.16 0.16 0.17 
NiO 0.44 0.44 0.44 0.43 0.43 0.42 0.42 0.41 0.40 0.39 0.39 0.38 0.37 0.36 0.35 
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
     
Si 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Al 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe2+ 0.114 0.119 0.123 0.128 0.132 0.137 0.142 0.147 0.152 0.158 0.163 0.169 0.175 0.181 0.187
Mg 1.870 1.866 1.861 1.856 1.852 1.847 1.842 1.836 1.831 1.825 1.820 1.814 1.808 1.802 1.795
Ca 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.007
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.002 0.002 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.004
Ni 0.009 0.009 0.009 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.007 0.007
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fo% 93.51 93.28 93.06 92.82 92.58 92.34 92.08 91.82 91.55 91.27 90.99 90.70 90.40 90.09 89.77




Table 21 cont. 
 
Temp 1390 1380 1370 1360 1350 1340 1330 1320 1310       
                
SiO2 40.80 40.75 40.69 40.62 40.56 40.50 40.43 40.36 40.29       
Al2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       
FeO 9.45 9.76 10.08 10.41 10.75 11.10 11.46 11.83 12.21       
MgO 48.96 48.71 48.45 48.18 47.90 47.62 47.33 47.02 46.71       
CaO 0.28 0.28 0.29 0.30 0.30 0.31 0.32 0.33 0.33       
Na2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       
MnO 0.17 0.18 0.18 0.19 0.19 0.20 0.20 0.21 0.21       
NiO 0.33 0.32 0.31 0.30 0.29 0.28 0.26 0.25 0.24       
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
     
Si 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Al 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Fe2+ 0.194 0.200 0.207 0.214 0.222 0.229 0.237 0.245 0.253 
Mg 1.789 1.782 1.775 1.768 1.761 1.753 1.745 1.737 1.728 
Ca 0.007 0.007 0.008 0.008 0.008 0.008 0.008 0.009 0.009 
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Mn 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 
Ni 0.007 0.006 0.006 0.006 0.006 0.005 0.005 0.005 0.005 
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Fo% 89.44 89.11 88.76 88.40 88.03 87.65 87.25 86.84 86.41 





Table 22 – MELTS results for chromite. Results for models with plagioclase suppressed and with plagioclase allowed to 
crystallized are given starting at 1170°C where plagioclase would begin to crystallize in the model. 
 
Temp 1490 1480 1470 1460 1450 1440 1430 1420 1410 1400 1390 1380 1370
Feld pre pre pre pre pre pre pre pre pre pre pre pre pre
    
SiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 0.20 0.20 0.21 0.21 0.22 0.22 0.23 0.24 0.24 0.25 0.26 0.26 0.27
Al2O3 10.66 10.72 10.77 10.82 10.87 10.92 10.96 11.00 11.04 11.08 11.11 11.15 11.18
Cr2O3 57.16 56.83 56.48 56.13 55.77 55.41 55.04 54.65 54.26 53.87 53.46 53.04 52.61
FeO 7.32 7.58 7.85 8.12 8.40 8.69 8.98 9.28 9.60 9.92 10.25 10.58 10.93
Fe2O3 7.34 7.52 7.71 7.90 8.10 8.31 8.52 8.75 8.98 9.21 9.46 9.72 9.98
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 17.32 17.15 16.99 16.82 16.64 16.46 16.27 16.08 15.88 15.68 15.47 15.25 15.03
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
    
Ti 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.007
Al 0.395 0.398 0.400 0.402 0.405 0.407 0.409 0.411 0.413 0.415 0.417 0.419 0.420
Cr 1.422 1.415 1.407 1.400 1.393 1.385 1.377 1.369 1.361 1.353 1.345 1.336 1.327
Fe 2+ 0.193 0.200 0.207 0.214 0.222 0.230 0.238 0.246 0.255 0.263 0.273 0.282 0.292
Fe 3+ 0.174 0.178 0.183 0.188 0.193 0.198 0.203 0.209 0.214 0.220 0.226 0.233 0.240
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.812 0.805 0.798 0.791 0.783 0.776 0.768 0.760 0.751 0.742 0.734 0.724 0.715
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Cr/(Cr+Al+Fe3+) 0.714 0.711 0.707 0.704 0.700 0.696 0.692 0.689 0.685 0.681 0.676 0.672 0.668
Al/(Cr+Al+Fe3+) 0.199 0.200 0.201 0.202 0.203 0.204 0.206 0.207 0.208 0.209 0.210 0.211 0.212
Fe3+/(Cr+Al+Fe3+) 0.087 0.089 0.092 0.094 0.097 0.099 0.102 0.105 0.108 0.111 0.114 0.117 0.121
Cr# 78.24 78.05 77.87 77.68 77.49 77.30 77.11 76.92 76.73 76.53 76.34 76.15 75.95
Mg# 80.83 80.14 79.42 78.69 77.94 77.16 76.36 75.53 74.69 73.81 72.91 71.98 71.02




Table 22 cont. 
 
Temp 1360 1350 1340 1330 1320 1310 1300 1290 1280 1270 1260 1250 1240
Feld pre pre pre pre pre pre pre pre pre pre pre pre pre
    
SiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.37 0.38 0.40 0.41 0.43
Al2O3 11.20 11.23 11.25 11.27 11.29 11.33 11.49 11.66 11.82 11.98 12.14 12.30 12.46
Cr2O3 52.17 51.72 51.26 50.78 50.29 49.76 49.05 48.32 47.57 46.80 46.00 45.19 44.35
FeO 11.29 11.66 12.04 12.43 12.83 13.23 13.64 14.06 14.49 14.93 15.39 15.85 16.33
Fe2O3 10.26 10.54 10.83 11.14 11.46 11.79 12.17 12.56 12.96 13.38 13.82 14.27 14.75
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 14.80 14.56 14.32 14.07 13.81 13.56 13.31 13.06 12.80 12.53 12.26 11.97 11.68
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
    
Ti 0.007 0.007 0.007 0.007 0.008 0.008 0.008 0.009 0.009 0.009 0.010 0.010 0.010
Al 0.422 0.424 0.425 0.427 0.428 0.430 0.437 0.444 0.451 0.457 0.464 0.471 0.478
Cr 1.318 1.309 1.299 1.289 1.279 1.268 1.251 1.234 1.216 1.198 1.179 1.160 1.140
Fe 2+ 0.302 0.312 0.323 0.334 0.345 0.357 0.368 0.380 0.392 0.404 0.417 0.430 0.444
Fe 3+ 0.247 0.254 0.261 0.269 0.277 0.286 0.295 0.305 0.315 0.326 0.337 0.349 0.361
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.705 0.695 0.684 0.674 0.663 0.651 0.640 0.629 0.617 0.605 0.592 0.580 0.566
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Cr/(Cr+Al+Fe3+) 0.663 0.659 0.654 0.649 0.645 0.639 0.631 0.622 0.614 0.605 0.595 0.586 0.576
Al/(Cr+Al+Fe3+) 0.212 0.213 0.214 0.215 0.216 0.217 0.220 0.224 0.227 0.231 0.234 0.238 0.241
Fe3+/(Cr+Al+Fe3+) 0.124 0.128 0.132 0.136 0.140 0.144 0.149 0.154 0.159 0.165 0.170 0.176 0.182
Cr# 75.75 75.55 75.34 75.13 74.92 74.66 74.11 73.55 72.97 72.38 71.77 71.13 70.48
Mg# 70.03 69.01 67.95 66.87 65.75 64.62 63.50 62.34 61.15 59.93 58.68 57.38 56.05




Table 22 cont. 
 
Temp 1230 1220 1210 1200 1190 1180 1170 1160 1150 1140 1130 1120 1110
Feld pre pre pre pre pre pre suppr suppr suppr suppr suppr suppr suppr
    
SiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 0.45 0.47 0.49 0.52 0.57 0.65 0.74 0.85 0.96 1.10 1.26 1.44 1.65
Al2O3 12.62 12.79 12.95 13.16 13.64 14.21 14.79 15.37 15.95 16.50 17.02 17.49 17.86
Cr2O3 43.48 42.59 41.66 40.58 38.89 36.90 34.84 32.70 30.50 28.22 25.88 23.47 21.00
FeO 16.82 17.32 17.84 18.48 19.31 20.26 21.20 22.13 23.06 23.98 24.91 25.84 26.78
Fe2O3 15.24 15.76 16.30 16.88 17.68 18.59 19.55 20.57 21.64 22.78 23.99 25.29 26.69
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 11.39 11.08 10.77 10.38 9.91 9.39 8.88 8.38 7.89 7.41 6.94 6.48 6.01
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
    
Ti 0.011 0.011 0.012 0.013 0.014 0.016 0.018 0.021 0.024 0.027 0.031 0.036 0.041
Al 0.485 0.492 0.499 0.508 0.527 0.550 0.573 0.597 0.620 0.642 0.664 0.683 0.699
Cr 1.120 1.099 1.076 1.051 1.008 0.958 0.906 0.852 0.795 0.737 0.677 0.615 0.551
Fe 2+ 0.458 0.473 0.487 0.506 0.530 0.556 0.583 0.610 0.636 0.662 0.689 0.716 0.744
Fe 3+ 0.374 0.387 0.401 0.416 0.436 0.459 0.484 0.510 0.537 0.566 0.597 0.630 0.667
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.553 0.539 0.525 0.507 0.485 0.460 0.435 0.411 0.388 0.365 0.342 0.320 0.298
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Cr/(Cr+Al+Fe3+) 0.566 0.556 0.545 0.532 0.511 0.487 0.461 0.435 0.407 0.379 0.349 0.319 0.288
Al/(Cr+Al+Fe3+) 0.245 0.249 0.252 0.257 0.267 0.280 0.292 0.305 0.318 0.330 0.342 0.354 0.365
Fe3+/(Cr+Al+Fe3+) 0.189 0.196 0.203 0.211 0.221 0.233 0.246 0.260 0.275 0.291 0.308 0.327 0.348
Cr# 69.80 69.08 68.33 67.41 65.67 63.53 61.24 58.80 56.20 53.43 50.49 47.38 44.10
Mg# 54.68 53.28 51.83 50.02 47.78 45.25 42.75 40.30 37.89 35.52 33.18 30.88 28.59




Table 22 cont. 
 
Temp 1100 1090 1080 1070 1060 1050 1040 1030 1020 1010 1000 1170 1160
Feld suppr suppr suppr suppr suppr suppr suppr suppr suppr suppr suppr with with
    
SiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 1.91 2.23 2.63 3.16 3.87 4.81 5.92 6.85 6.70 6.45 6.24 0.83 1.07
Al2O3 18.10 18.13 17.86 17.18 16.00 14.39 12.66 11.40 11.48 11.68 11.87 13.10 11.79
Cr2O3 18.47 15.88 13.21 10.48 7.68 4.87 2.20 0.19 0.00 0.00 0.00 35.65 34.39
FeO 27.73 28.70 29.72 30.80 31.97 33.24 34.58 35.69 35.82 35.85 35.90 22.00 23.75
Fe2O3 28.24 29.98 31.96 34.25 36.85 39.53 41.90 43.47 43.77 43.91 44.03 20.19 21.94
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 5.55 5.09 4.61 4.13 3.63 3.16 2.74 2.41 2.24 2.10 1.96 8.22 7.07
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
    
Ti 0.048 0.056 0.067 0.081 0.100 0.125 0.156 0.182 0.178 0.172 0.166 0.021 0.027
Al 0.710 0.714 0.708 0.686 0.645 0.587 0.523 0.475 0.479 0.487 0.495 0.514 0.469
Cr 0.486 0.420 0.351 0.281 0.208 0.133 0.061 0.005 0.000 0.000 0.000 0.938 0.919
Fe 2+ 0.772 0.802 0.835 0.872 0.914 0.962 1.013 1.055 1.060 1.061 1.063 0.613 0.671
Fe 3+ 0.708 0.754 0.808 0.873 0.948 1.030 1.105 1.156 1.165 1.169 1.173 0.506 0.558
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.276 0.254 0.231 0.208 0.185 0.163 0.143 0.127 0.118 0.111 0.103 0.408 0.356
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Cr/(Cr+Al+Fe3+) 0.255 0.222 0.188 0.153 0.115 0.076 0.036 0.003 0.000 0.000 0.000 0.479 0.472
Al/(Cr+Al+Fe3+) 0.373 0.378 0.379 0.373 0.358 0.335 0.310 0.290 0.291 0.294 0.297 0.263 0.241
Fe3+/(Cr+Al+Fe3+) 0.372 0.399 0.433 0.475 0.527 0.588 0.654 0.707 0.709 0.706 0.703 0.258 0.287
Cr# 40.64 37.01 33.17 29.04 24.36 18.51 10.42 1.10 0.00 0.00 0.00 64.60 66.18
Mg# 26.31 24.01 21.68 19.28 16.85 14.48 12.36 10.75 10.04 9.45 8.87 39.99 34.67




Table 22 cont. 
 
Temp 1150 1140 1130 1120 1110 1100 1090 1080 1070 1060 1050 1040 1030
Feld with with with with with with with with with with with with with
    
SiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 1.35 1.69 2.13 2.69 3.43 4.41 5.71 7.34 9.27 11.32 13.04 12.95 12.54
Al2O3 10.76 9.89 9.10 8.33 7.55 6.73 5.87 5.01 4.20 3.50 2.97 2.80 2.71
Cr2O3 32.80 30.88 28.60 25.93 22.80 19.21 15.24 11.08 7.03 3.35 0.50 0.01 0.00
FeO 25.24 26.57 27.82 29.05 30.33 31.74 33.35 35.19 37.25 39.38 41.19 41.35 41.18
Fe2O3 23.72 25.61 27.65 29.87 32.27 34.73 37.07 38.95 40.14 40.61 40.68 41.44 42.29
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 6.14 5.36 4.70 4.13 3.62 3.17 2.77 2.42 2.11 1.85 1.62 1.44 1.29
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V2O5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
    
Ti 0.035 0.044 0.056 0.071 0.091 0.119 0.155 0.201 0.255 0.313 0.362 0.361 0.350
Al 0.434 0.403 0.374 0.346 0.316 0.284 0.250 0.215 0.181 0.152 0.129 0.122 0.118
Cr 0.887 0.843 0.789 0.721 0.640 0.544 0.435 0.318 0.203 0.097 0.015 0.000 0.000
Fe 2+ 0.722 0.768 0.811 0.855 0.900 0.950 1.006 1.070 1.140 1.212 1.273 1.281 1.279
Fe 3+ 0.610 0.666 0.726 0.791 0.862 0.935 1.006 1.065 1.105 1.124 1.131 1.155 1.181
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.313 0.276 0.244 0.216 0.192 0.169 0.149 0.131 0.115 0.101 0.089 0.080 0.071
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
V 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
    
Cr/(Cr+Al+Fe3+) 0.459 0.441 0.418 0.388 0.352 0.308 0.257 0.199 0.136 0.071 0.011 0.000 0.000
Al/(Cr+Al+Fe3+) 0.225 0.211 0.198 0.186 0.174 0.161 0.148 0.134 0.122 0.111 0.102 0.096 0.091
Fe3+/(Cr+Al+Fe3+) 0.316 0.348 0.384 0.426 0.474 0.531 0.595 0.666 0.742 0.819 0.887 0.904 0.909
Cr# 67.16 67.69 67.84 67.61 66.94 65.69 63.51 59.73 52.86 39.06 10.11 0.18 0.00
Mg# 30.23 26.45 23.15 20.21 17.55 15.12 12.90 10.91 9.18 7.72 6.55 5.85 5.29




Table 22 cont. 
 
Temp 1020 1010 1000  
Feld with with with  
    
SiO2 0.00 0.00 0.00  
TiO2 12.16 11.84 11.55  
Al2O3 2.61 2.52 2.44  
Cr2O3 0.00 0.00 0.00  
FeO 41.02 40.88 40.76  
Fe2O3 43.04 43.72 44.32  
MnO 0.00 0.00 0.00  
NiO 0.00 0.00 0.00  
MgO 1.16 1.04 0.94  
CaO 0.00 0.00 0.00  
V2O5 0.00 0.00 0.00  
Total 100.00 100.00 100.00  
    
Ti 0.340 0.332 0.324  
Al 0.115 0.111 0.107  
Cr 0.000 0.000 0.000  
Fe 2+ 1.276 1.274 1.272  
Fe 3+ 1.205 1.226 1.245  
Mn 0.000 0.000 0.000  
Ni 0.000 0.000 0.000  
Mg 0.064 0.058 0.052  
Ca 0.000 0.000 0.000  
V 0.000 0.000 0.000  
    
Cr/(Cr+Al+Fe3+) 0.000 0.000 0.000  
Al/(Cr+Al+Fe3+) 0.087 0.083 0.079  
Fe3+/(Cr+Al+Fe3+) 0.913 0.917 0.921  
Cr# 0.00 0.00 0.00  
Mg# 4.79 4.34 3.93  




Table 23 - MELTS results for orthopyroxene. 
 
Temp 1310 1300 1290 1280 1270 1260 1250 1240 1230 1220 1210 
            
SiO2 56.67 56.56 56.44 56.33 56.21 56.09 55.96 55.83 55.70 55.56 55.41 
TiO2 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Al2O3 1.17 1.20 1.23 1.26 1.29 1.31 1.34 1.36 1.39 1.41 1.42 
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO 8.11 8.39 8.68 8.98 9.29 9.60 9.93 10.26 10.60 10.95 11.30 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 32.85 32.56 32.26 31.95 31.62 31.27 30.90 30.52 30.11 29.68 29.22 
CaO 1.13 1.22 1.32 1.42 1.53 1.66 1.80 1.96 2.13 2.33 2.57 
Na2O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 99.96 99.96 99.95 99.95 99.95 99.95 99.95 99.95 99.95 99.95 99.95 
            
Si 1.972 1.971 1.971 1.970 1.969 1.969 1.968 1.967 1.967 1.966 1.966
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 0.048 0.049 0.051 0.052 0.053 0.054 0.056 0.057 0.058 0.059 0.060
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.236 0.245 0.254 0.263 0.272 0.282 0.292 0.302 0.313 0.324 0.335
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 1.704 1.692 1.679 1.666 1.651 1.636 1.620 1.603 1.585 1.566 1.545
Ca 0.042 0.046 0.049 0.053 0.058 0.062 0.068 0.074 0.081 0.089 0.098
Na 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
   
Wo 0.021 0.023 0.025 0.027 0.029 0.031 0.034 0.037 0.041 0.045 0.049
En 0.860 0.854 0.847 0.841 0.834 0.826 0.818 0.810 0.801 0.791 0.781
Fs 0.119 0.123 0.128 0.133 0.137 0.142 0.147 0.153 0.158 0.164 0.169
Mg# 87.83 87.37 86.88 86.38 85.85 85.31 84.73 84.13 83.51 82.85 82.17




Table 24 - MELTS results for clinopyroxenes with plagioclase crystallization suppressed. 
 
Temp 1200 1190 1190 1180 1170 1160 1150 1140 1130 1120 1110 1100 1090 1080 1070
     
SiO2 53.89 53.48 52.72 52.32 51.94 51.56 51.18 50.78 50.37 49.95 49.52 49.07 48.61 48.13 47.63
TiO2 0.03 0.03 0.06 0.07 0.09 0.10 0.12 0.14 0.17 0.20 0.22 0.26 0.29 0.33 0.38
Al2O3 2.17 2.40 2.81 3.12 3.42 3.73 4.04 4.36 4.68 5.01 5.35 5.70 6.06 6.42 6.78
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 12.29 12.51 8.90 9.08 9.42 9.82 10.28 10.76 11.28 11.83 12.40 13.00 13.63 14.29 14.97
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 24.64 23.45 18.96 18.14 17.49 16.90 16.33 15.77 15.20 14.64 14.06 13.47 12.87 12.26 11.64
CaO 6.87 8.00 16.36 17.06 17.41 17.63 17.78 17.88 17.96 18.01 18.05 18.07 18.09 18.09 18.08
Na2O 0.04 0.05 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.20 0.21 0.23
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.92 99.91 99.89 99.88 99.87 99.85 99.84 99.83 99.81 99.80 99.78 99.76 99.75 99.73 99.71 
                
Si 1.947 1.941 1.931 1.923 1.915 1.907 1.898 1.889 1.880 1.871 1.861 1.850 1.840 1.829 1.817
Ti 0.001 0.001 0.002 0.002 0.002 0.003 0.003 0.004 0.005 0.005 0.006 0.007 0.008 0.010 0.011
Al 0.092 0.103 0.121 0.135 0.149 0.162 0.177 0.191 0.206 0.221 0.237 0.253 0.270 0.287 0.305
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.371 0.380 0.273 0.279 0.290 0.304 0.319 0.335 0.352 0.370 0.390 0.410 0.431 0.454 0.477
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 1.327 1.269 1.035 0.994 0.961 0.931 0.903 0.874 0.846 0.817 0.788 0.757 0.726 0.695 0.662
Ca 0.266 0.311 0.642 0.672 0.688 0.698 0.706 0.713 0.718 0.723 0.727 0.730 0.733 0.736 0.739
Na 0.003 0.003 0.006 0.007 0.008 0.008 0.009 0.010 0.011 0.012 0.012 0.013 0.015 0.016 0.017
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
     
Wo 0.135 0.159 0.329 0.345 0.355 0.361 0.366 0.371 0.375 0.378 0.382 0.385 0.388 0.391 0.393
En 0.676 0.647 0.531 0.511 0.496 0.482 0.468 0.455 0.441 0.428 0.414 0.399 0.384 0.368 0.352
Fs 0.189 0.194 0.140 0.144 0.150 0.157 0.165 0.174 0.184 0.194 0.205 0.216 0.228 0.241 0.254
Mg # 78.14 76.97 79.15 78.07 76.80 75.40 73.91 72.31 70.61 68.81 66.90 64.88 62.74 60.48 58.09




Table 24 cont. 
 
Temp 1060 1050 1040 1030 1020 1010 1000  
     
SiO2 47.12 46.60 46.07 45.57 45.20 44.85 44.50  
TiO2 0.43 0.48 0.54 0.60 0.65 0.70 0.75  
Al2O3 7.15 7.52 7.88 8.24 8.58 8.91 9.24  
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
FeO 15.67 16.39 17.11 17.70 17.82 17.93 18.07  
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
MgO 11.00 10.36 9.71 9.08 8.54 8.06 7.59  
CaO 18.07 18.06 18.04 18.12 18.48 18.80 19.05  
Na2O 0.25 0.26 0.28 0.30 0.33 0.35 0.37  
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
Total 99.68 99.66 99.64 99.61 99.60 99.58 99.57         
                
Si 1.805 1.793 1.780 1.768 1.758 1.748 1.738  
Ti 0.012 0.014 0.016 0.018 0.019 0.020 0.022  
Al 0.323 0.341 0.359 0.377 0.393 0.409 0.425  
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
Fe 0.502 0.527 0.553 0.574 0.579 0.584 0.590  
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
Mg 0.628 0.594 0.559 0.525 0.495 0.468 0.442  
Ca 0.742 0.744 0.747 0.753 0.770 0.785 0.797  
Na 0.018 0.020 0.021 0.023 0.025 0.026 0.028  
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
     
Wo 0.396 0.399 0.402 0.407 0.417 0.427 0.436  
En 0.336 0.318 0.301 0.283 0.269 0.255 0.242  
Fs 0.268 0.283 0.297 0.310 0.314 0.318 0.323  
Mg # 55.59 52.98 50.28 47.75 46.09 44.48 42.82  




Table 25 - MELTS results for clinopyroxenes with plagioclase crystallization enabled. 
 
Temp 1200 1190 1170 1160 1150 1140 1130 1120 1110 1100 1090 1080 1070 1060 1050 
                
SiO2 53.89 53.48 52.81 52.48 52.15 51.82 51.47 51.11 50.73 50.33 49.90 49.46 49.00 48.52 48.05 
TiO2 0.03 0.03 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.07 0.08 0.08 0.09 0.09 0.09 
Al2O3 2.17 2.40 2.66 2.65 2.65 2.64 2.64 2.65 2.65 2.66 2.66 2.67 2.68 2.68 2.67 
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO 12.29 12.51 14.28 15.42 16.60 17.83 19.11 20.45 21.86 23.34 24.90 26.52 28.20 29.93 31.63 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 24.64 23.45 22.11 21.27 20.46 19.66 18.85 18.02 17.16 16.26 15.32 14.33 13.30 12.24 11.19 
CaO 6.87 8.00 7.95 7.96 7.91 7.81 7.68 7.51 7.32 7.12 6.90 6.69 6.47 6.26 6.07 
Na2O 0.04 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 99.92 99.91 99.90 99.89 99.88 99.87 99.86 99.86 99.85 99.84 99.82 99.81 99.80 99.78 99.77 
                
Si 1.947 1.941 1.934 1.933 1.932 1.931 1.929 1.928 1.926 1.924 1.923 1.920 1.918 1.916 1.914
Ti 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.003
Al 0.092 0.103 0.115 0.115 0.115 0.116 0.117 0.118 0.119 0.120 0.121 0.122 0.124 0.125 0.125
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.371 0.380 0.437 0.475 0.514 0.556 0.599 0.645 0.694 0.747 0.802 0.861 0.923 0.988 1.054
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 1.327 1.269 1.207 1.168 1.130 1.092 1.053 1.013 0.971 0.927 0.880 0.830 0.776 0.721 0.664
Ca 0.266 0.311 0.312 0.314 0.314 0.312 0.308 0.304 0.298 0.292 0.285 0.278 0.271 0.265 0.259
Na 0.003 0.003 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.005 0.005 0.005 0.005 0.005
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
     
Wo 0.135 0.159 0.159 0.161 0.160 0.159 0.157 0.155 0.152 0.148 0.145 0.141 0.138 0.134 0.131
En 0.676 0.647 0.617 0.597 0.577 0.557 0.537 0.516 0.495 0.472 0.447 0.421 0.394 0.365 0.336
Fs 0.189 0.194 0.224 0.243 0.263 0.284 0.306 0.329 0.354 0.380 0.408 0.437 0.468 0.501 0.533
Mg# 78.14 76.97 73.40 71.08 68.72 66.28 63.74 61.09 58.31 55.39 52.31 49.07 45.68 42.16 38.66




Table 25 cont. 
 
Temp 1040 1190 1180 1170 1160 1150 1140 1130 1120 1110 1100 1090 1080 1070 1060 
                
SiO2 47.74 52.72 52.32 52.12 51.86 51.60 51.32 51.03 50.72 50.39 50.04 49.66 49.26 48.83 48.38 
TiO2 0.08 0.06 0.07 0.08 0.09 0.11 0.12 0.14 0.16 0.18 0.21 0.24 0.27 0.30 0.34 
Al2O3 2.62 2.81 3.12 3.12 3.11 3.11 3.11 3.12 3.14 3.16 3.19 3.22 3.25 3.28 3.31 
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO 32.97 8.90 9.08 10.11 10.93 11.75 12.57 13.40 14.26 15.16 16.11 17.12 18.20 19.35 20.58 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 10.36 18.96 18.14 17.89 17.30 16.68 16.04 15.38 14.68 13.96 13.21 12.43 11.62 10.77 9.89 
CaO 5.93 16.36 17.06 16.46 16.46 16.50 16.56 16.64 16.72 16.81 16.88 16.95 17.00 17.03 17.04 
Na2O 0.06 0.09 0.10 0.10 0.10 0.11 0.11 0.12 0.12 0.13 0.14 0.14 0.15 0.16 0.17 
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 99.76 99.89 99.88 99.87 99.86 99.85 99.84 99.83 99.82 99.80 99.79 99.77 99.75 99.73 99.71 
                
Si 1.914 1.931 1.923 1.922 1.920 1.919 1.917 1.915 1.913 1.910 1.907 1.904 1.900 1.896 1.891
Ti 0.003 0.002 0.002 0.002 0.003 0.003 0.003 0.004 0.005 0.005 0.006 0.007 0.008 0.009 0.010
Al 0.124 0.121 0.135 0.136 0.136 0.136 0.137 0.138 0.140 0.141 0.143 0.145 0.148 0.150 0.153
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 1.105 0.273 0.279 0.312 0.339 0.365 0.393 0.421 0.450 0.481 0.514 0.549 0.587 0.628 0.673
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.619 1.035 0.994 0.983 0.955 0.925 0.893 0.860 0.826 0.789 0.751 0.710 0.668 0.623 0.576
Ca 0.255 0.642 0.672 0.650 0.653 0.657 0.663 0.669 0.676 0.683 0.689 0.696 0.702 0.708 0.713
Na 0.005 0.006 0.007 0.007 0.007 0.008 0.008 0.009 0.009 0.010 0.010 0.011 0.011 0.012 0.013
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
     
Wo 0.129 0.329 0.345 0.334 0.336 0.338 0.340 0.343 0.346 0.350 0.353 0.356 0.359 0.361 0.364
En 0.313 0.531 0.511 0.506 0.491 0.475 0.458 0.441 0.423 0.404 0.384 0.363 0.341 0.318 0.294
Fs 0.558 0.140 0.144 0.160 0.174 0.188 0.201 0.216 0.231 0.246 0.263 0.281 0.300 0.321 0.343
Mg # 35.90 79.15 78.07 75.94 73.83 71.68 69.47 67.16 64.73 62.15 59.38 56.41 53.22 49.79 46.15




Table 25 cont. 
 
Temp 1050 1040 1030 1020 1010 1000          
                
SiO2 47.94 47.69 47.50 47.31 47.14 46.97          
TiO2 0.38 0.36 0.35 0.33 0.32 0.31          
Al2O3 3.33 3.27 3.19 3.12 3.06 2.99          
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00          
FeO 21.83 22.84 23.71 24.54 25.32 26.06          
MnO 0.00 0.00 0.00 0.00 0.00 0.00          
NiO 0.00 0.00 0.00 0.00 0.00 0.00          
MgO 9.03 8.38 7.80 7.24 6.71 6.19          
CaO 17.01 16.95 16.94 16.93 16.93 16.93          
Na2O 0.17 0.17 0.18 0.18 0.18 0.19          
K2O 0.00 0.00 0.00 0.00 0.00 0.00          
Total 99.68 99.67 99.66 99.66 99.65 99.64          
                
Si 1.887 1.887 1.888 1.889 1.890 1.891  
Ti 0.011 0.011 0.010 0.010 0.010 0.009  
Al 0.154 0.152 0.150 0.147 0.144 0.142  
Cr 0.000 0.000 0.000 0.000 0.000 0.000  
Fe 0.719 0.756 0.788 0.819 0.849 0.877  
Mn 0.000 0.000 0.000 0.000 0.000 0.000  
Ni 0.000 0.000 0.000 0.000 0.000 0.000  
Mg 0.530 0.494 0.462 0.431 0.401 0.372  
Ca 0.717 0.719 0.721 0.724 0.727 0.730  
Na 0.013 0.013 0.014 0.014 0.014 0.015  
K 0.000 0.000 0.000 0.000 0.000 0.000  
     
Wo 0.365 0.365 0.366 0.367 0.368 0.369  
En 0.269 0.251 0.234 0.218 0.203 0.188  
Fs 0.366 0.384 0.400 0.415 0.429 0.443  
Mg # 42.44 39.54 36.95 34.46 32.07 29.76  




Table 26 - MELTS results for WPC liquids. One set of results is given down to 1170°C prior to possible plagioclase 
crystallization, below 1170°C two results are given, with plagioclase suppressed and with plagioclase allowed to crystallize. 
 
Temp 1600 1590 1580 1570 1560 1550 1540 1530 1520 1510 1500 1490 1480 1470
Feld pre pre pre pre pre pre pre pre pre pre pre pre pre pre
 SiO2   49.83 49.83 49.83 49.83 49.83 49.83 49.86 50.07 50.27 50.48 50.68 50.88 51.10 51.31
 TiO2   0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.26 0.26 0.27 0.27 0.28 0.29 0.29
 Al2O3  6.58 6.58 6.58 6.58 6.58 6.58 6.61 6.77 6.94 7.10 7.26 7.42 7.58 7.73
 FeO* 9.97 9.97 9.97 9.97 9.97 9.97 9.98 10.09 10.18 10.27 10.36 10.44 10.50 10.57
 MnO    0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
 MgO    25.91 25.91 25.91 25.91 25.91 25.91 25.79 25.13 24.48 23.84 23.21 22.59 21.97 21.36
 CaO    6.58 6.58 6.58 6.58 6.58 6.58 6.61 6.77 6.93 7.08 7.24 7.40 7.55 7.70
 Na2O   0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.68 0.69 0.71 0.73 0.74 0.76 0.77
 K2O    0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07
 P2O5   0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04
Al2O3/TiO2 26.40 26.40 26.40 26.40 26.40 26.40 26.40 26.40 26.40 26.40 26.40 26.39 26.39 26.38
CaO/Al2O3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 0.999 0.998 0.997 0.997 0.997 0.997
 Ni (ppm) 1174 1174 1174 1174 1174 1174 1163 1106 1049 993 939 886 834 784
 Cr (ppm) 2864 2864 2864 2864 2864 2864 2877 2949 3020 3091 3161 3202 3092 2984
    
Temp 1460 1450 1440 1430 1420 1410 1400 1390 1380 1370 1360 1350 1340 1330
Feld pre pre pre pre pre pre pre pre pre pre pre pre pre pre
 SiO2   51.52 51.73 51.94 52.15 52.36 52.57 52.78 52.98 53.19 53.39 53.60 53.80 54.00 54.20
 TiO2   0.30 0.30 0.31 0.32 0.32 0.33 0.33 0.34 0.34 0.35 0.36 0.36 0.37 0.37
 Al2O3  7.88 8.04 8.19 8.34 8.48 8.63 8.78 8.92 9.06 9.20 9.34 9.48 9.62 9.76
 FeO* 10.62 10.67 10.72 10.76 10.79 10.82 10.85 10.86 10.88 10.88 10.88 10.88 10.87 10.86
 MnO    0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
 MgO    20.76 20.17 19.59 19.02 18.46 17.91 17.37 16.83 16.31 15.79 15.29 14.79 14.30 13.83
 CaO    7.86 8.01 8.16 8.31 8.46 8.60 8.75 8.89 9.03 9.17 9.31 9.45 9.58 9.72
 Na2O   0.79 0.81 0.82 0.84 0.85 0.87 0.88 0.90 0.91 0.93 0.94 0.96 0.97 0.98
 K2O    0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09
 P2O5   0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Al2O3/TiO2 26.38 26.37 26.36 26.35 26.35 26.34 26.34 26.33 26.32 26.32 26.32 26.31 26.31 26.31
CaO/Al2O3 0.997 0.997 0.997 0.997 0.997 0.997 0.997 0.997 0.996 0.996 0.996 0.996 0.996 0.996
 Ni (ppm) 736 689 644 601 560 520 482 446 412 380 349 321 294 268




Table 26 cont. 
 
Temp 1320 1310 1300 1290 1280 1270 1260 1250 1240 1230 1220 1210 1200 1190
Feld pre pre pre pre pre pre pre pre pre pre pre pre pre pre
 SiO2   54.41 54.57 54.54 54.50 54.47 54.44 54.42 54.39 54.37 54.35 54.34 54.33 54.35 54.44
 TiO2   0.38 0.38 0.39 0.40 0.41 0.42 0.42 0.43 0.44 0.45 0.46 0.47 0.48 0.50
 Al2O3  9.89 10.03 10.23 10.44 10.64 10.83 11.03 11.23 11.42 11.62 11.82 12.01 12.32 12.83
 FeO* 10.84 10.82 10.87 10.92 10.95 10.98 11.00 11.02 11.02 11.03 11.02 11.01 10.96 11.04
 MnO    0.15 0.15 0.15 0.16 0.16 0.16 0.17 0.17 0.17 0.18 0.18 0.18 0.19 0.20
 MgO    13.36 12.90 12.44 11.99 11.55 11.12 10.69 10.28 9.87 9.47 9.07 8.68 8.18 7.58
 CaO    9.85 9.99 10.19 10.40 10.60 10.79 10.99 11.18 11.36 11.55 11.73 11.90 12.07 11.87
 Na2O   1.00 1.01 1.04 1.06 1.08 1.11 1.13 1.15 1.18 1.20 1.22 1.24 1.28 1.35
 K2O    0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.12 0.12
 P2O5   0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06
Al2O3/TiO2 26.31 26.30 26.25 26.18 26.14 26.08 26.03 25.98 25.93 25.88 25.84 25.79 25.70 25.54
CaO/Al2O3 0.996 0.996 0.996 0.996 0.996 0.996 0.996 0.995 0.995 0.994 0.992 0.991 0.979 0.925
 Ni (ppm) 244 225 230 236 241 246 252 256 262 267 272 278 286 302
 Cr (ppm) 1575 1496 1408 1324 1244 1167 1093 1021 953 887 824 764 702 633
    
Temp 1180 1170 1160 1150 1140 1130 1120 1110 1100 1090 1080 1070 1060 1050
Feld pre suppr suppr suppr suppr suppr suppr suppr suppr suppr suppr suppr suppr suppr
 SiO2   54.58 54.74 54.92 55.12 55.33 55.55 55.79 56.04 56.31 56.58 56.87 57.17 57.49 57.81
 TiO2   0.53 0.55 0.58 0.60 0.62 0.64 0.66 0.67 0.69 0.70 0.71 0.72 0.73 0.73
 Al2O3  13.42 13.99 14.53 15.04 15.53 16.00 16.44 16.86 17.26 17.65 18.01 18.36 18.69 19.00
 FeO* 11.15 11.23 11.29 11.33 11.34 11.32 11.29 11.23 11.15 11.04 10.92 10.77 10.60 10.41
 MnO    0.21 0.22 0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35
 MgO    6.93 6.32 5.76 5.24 4.75 4.30 3.88 3.48 3.12 2.78 2.47 2.19 1.93 1.69
 CaO    11.56 11.23 10.89 10.56 10.22 9.89 9.56 9.23 8.92 8.60 8.29 7.99 7.69 7.40
 Na2O   1.42 1.50 1.57 1.64 1.71 1.78 1.85 1.91 1.98 2.04 2.10 2.16 2.22 2.27
 K2O    0.13 0.14 0.15 0.15 0.16 0.17 0.17 0.18 0.19 0.19 0.20 0.21 0.21 0.22
 P2O5   0.07 0.07 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.10 0.10 0.10 0.11 0.11
Al2O3/TiO2 25.40 25.27 25.18 25.11 25.06 25.04 25.04 25.07 25.12 25.21 25.33 25.48 25.69 25.95
CaO/Al2O3 0.861 0.803 0.750 0.702 0.658 0.618 0.581 0.548 0.516 0.487 0.461 0.435 0.412 0.390
 Ni (ppm) 320 338 356 374 392 408 425 441 458 473 489 504 519 534




Table 26 cont. 
 
Temp 1040 1030 1020 1010 1000 1170 1160 1150 1140 1130 1120 1110 1100 1090
Feld suppr suppr suppr suppr suppr with with with with with with with with with
 SiO2   58.16 58.64 59.49 60.29 61.01 55.14 55.79 56.43 57.05 57.67 58.28 58.89 59.51 60.13
 TiO2   0.73 0.72 0.66 0.61 0.57 0.60 0.68 0.76 0.83 0.90 0.97 1.04 1.10 1.16
 Al2O3  19.31 19.61 19.94 20.24 20.50 13.24 12.85 12.49 12.14 11.82 11.51 11.21 10.92 10.65
 FeO* 10.18 9.80 8.99 8.22 7.53 11.72 12.31 12.81 13.22 13.56 13.84 14.06 14.22 14.32
 MnO    0.36 0.37 0.39 0.40 0.41 0.24 0.28 0.31 0.34 0.38 0.41 0.44 0.47 0.50
 MgO    1.47 1.27 1.08 0.93 0.79 6.23 5.54 4.93 4.37 3.87 3.41 3.00 2.62 2.27
 CaO    7.12 6.85 6.63 6.43 6.23 11.12 10.76 10.43 10.12 9.83 9.56 9.30 9.06 8.83
 Na2O   2.33 2.38 2.46 2.52 2.58 1.49 1.54 1.57 1.61 1.63 1.65 1.67 1.68 1.69
 K2O    0.22 0.23 0.24 0.25 0.25 0.15 0.17 0.19 0.21 0.22 0.24 0.26 0.28 0.29
 P2O5   0.11 0.12 0.12 0.12 0.13 0.07 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.15
Al2O3/TiO2 26.30 27.24 30.00 32.98 36.01 22.14 18.93 16.52 14.64 13.12 11.87 10.81 9.92 9.15
CaO/Al2O3 0.369 0.349 0.333 0.318 0.304 0.840 0.837 0.835 0.833 0.832 0.831 0.830 0.830 0.829
 Ni (ppm) 549 565 583 600 616 366 419 471 520 569 617 663 710 756
 Cr (ppm) 3 0 0 0 0 515 470 421 370 319 268 218 170 122
    
Temp 1080 1070 1060 1050 1040 1030 1020 1010 1000
Feld with with with with with with with with with
 SiO2   60.78 61.45 62.17 63.10 64.83 66.56 68.12 69.55 70.88
 TiO2   1.22 1.28 1.33 1.34 1.21 1.07 0.96 0.87 0.79
 Al2O3  10.38 10.13 9.88 9.66 9.49 9.31 9.11 8.90 8.69
 FeO* 14.36 14.33 14.22 13.89 12.81 11.72 10.75 9.88 9.09
 MnO    0.53 0.56 0.59 0.63 0.67 0.71 0.75 0.79 0.83
 MgO    1.95 1.66 1.40 1.16 0.95 0.78 0.65 0.53 0.44
 CaO    8.61 8.39 8.18 7.97 7.71 7.47 7.25 7.03 6.83
 Na2O   1.69 1.70 1.70 1.70 1.72 1.74 1.74 1.74 1.73
 K2O    0.31 0.33 0.34 0.36 0.39 0.41 0.43 0.45 0.47
 P2O5   0.16 0.17 0.18 0.19 0.21 0.22 0.23 0.24 0.26
Al2O3/TiO2 8.48 7.91 7.44 7.20 7.86 8.67 9.46 10.22 10.95
CaO/Al2O3 0.829 0.829 0.828 0.825 0.813 0.803 0.796 0.790 0.787
 Ni (ppm) 803 849 897 949 1016 1080 1141 1198 1250




APPENDIX E: SAMPLE LOCATIONS 
Table 27 - WPC rock samples locations with descriptions. Latitudes and longitudes were 
calculated in Google Earth after placemarks were set based on GPS measurements, section 
measurements, notes, and mapping in the field. Section of flow / flow set is denoted such as 
that Sp = spinifex top, U = upper, M = middle, L = lower, and t = tuff. 
 
Sample Flow Longitude Latitude Description 
SA 355-6 WP 9U E 30.945736 S 25.838354 Homogenous Peridotitic Komatiite 
SA 355-7 WP 9L E 30.946216 S 25.837656 Homogenous Peridotitic Komatiite 
SA 700-1 WP 7.5t E 30.948751 S 25.837011 Thin Tuff 
SA 355-1 WP 7U E 30.948823 S 25.836978 Pyroxene Spinifex Komatiitic Basalt 
SA 355-3 WP 7U E 30.948803 S 25.836572 Pyroxene Spinifex Komatiitic Basalt 
SA 700-3 WP 7U E 30.948307 S 25.836559 Pyroxene Spinifex Komatiitic Basalt 
SA 355-4 WP 7U E 30.948532 S 25.836476 Pyroxene Spinifex Komatiitic Basalt 
SA 700-4 WP 7L E 30.950193 S 25.836101 Massive Cumulate Komatiite 
SA 700-5 WP 6 E 30.949808 S 25.835870 Pyroxene Spinifex Komatiitic Basalt 
SA 700-6 WP 6 E 30.949808 S 25.835870 Pyroxene Spinifex Komatiitic Basalt 
MC 9-2 WP 4.5t E 30.954246 S 25.833653 Tuff offset from WP 4.5 
MC 9-1 WP 4 E 30.954227 S 25.833521 Komatiite offset from WP 4 
MC 4-6 WP 4 E 30.949400 S 25.834135 Fault Smear or Vein atop WP 4 
MC 4-3 WP 4U E 30.948917 S 25.834178 Massive Cumulate Komatiite 
MC 4-2 WP 4M E 30.948879 S 25.834118 Massive Cumulate Komatiite 
MC 4-4 WP 4M E 30.948879 S 25.834118 Massive Cumulate Komatiite 
MC 4-1 WP 4L E 30.948894 S 25.834011 Massive Cumulate Komatiite 
MC 4-7 WP 4L E 30.949434 S 25.834020 Serpentine Vein in Komatiite 
MC 4-5 WP 3.5t E 30.949309 S 25.833821 Tuff 
MC 5-7 WP 3.5e t E 30.945419 S 25.833344 Tuff above WP 3e flows 
MC 5-6 WP3eSp E 30.945377 S 25.833165 Pyroxenitic Spinifex Komatiite 
MC 5-5 WP3eSp E 30.945373 S 25.833155 Pyroxenitic Spinifex Komatiite 
MC 5-4 WP 3eU E 30.945352 S 25.833032 Layered Peridotitic Komatiite 
MC 5-3 WP 3eM E 30.945314 S 25.832884 Layered Peridotitic Komatiite 
MC 5-2 WP 3eL E 30.945280 S 25.832767 Layered Dunitic Komatiite 
MC 5-1 WP 3eLL E 30.945238 S 25.832636 Layered Dunitic Komatiite 
MC 8-3 WP 3 E 30.954645 S 25.832473 Pyroxenitic Spinifex Komatiite 
MC 8-2 WP 3 E 30.954641 S 25.832449 Layered Peridotitic Komatiite 
MC 8-1 WP 3 E 30.954639 S 25.832425 Layered Peridotitic Komatiite 
MC 7-2 WP 2.5t E 30.954098 S 25.831895 Tuff 
MC 7-1 WP 2Sp E 30.954057 S 25.831816 Pyroxenitic Spinifex Komatiite 
MC 7-6 WP 2UU E 30.954044 S 25.831794 Layered Peridotitic Komatiite 
MC 7-5 WP 2U E 30.954003 S 25.831710 Layered Peridotitic Komatiite 
MC 7-4 WP 2M E 30.953945 S 25.831592 Layered Peridotitic Komatiite 
MC 7-3 WP 2L E 30.953901 S 25.831511 Layered Peridotitic Komatiite 
MC 6-1 WP 1 E 30.953491 S 25.830934 Vein atop WP 1 
MC 6-2 WP 1 E 30.953491 S 25.830934 Vein atop WP 1 
MC 6-3 WP 1U E 30.953540 S 25.830838 Massive Cumulate Komatiite 
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